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NOTE. 


This  edition  of  the  report  on  ATAC-2  is  organized  somewhat 
differently  from  the  original  edition.  Volume  1  (Air-to-Air  Combat 
Model.  Description  and  Development,  General  Information),  of  the 
current  edition  consists  of  Volumes  I  and  II. of  CSA  Report  Number 
67-101  and  of  CSA  Report  Number  67-102.  Volume  II  (Air-to-Air  Com¬ 
bat  Model,  Program  and  Appendices,  Technical  Details)  of  the  current 

edition  consists  of  Volumes  III  and  IV  of  CSA  Report  Number  67-101. 

* 

* 

The  Table  of  Contents  and  page  numbers  of  the  original  edition 


are  preserved  here. 
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PREFACE 

Thi'i  report  is  published  in  four  volumes.  Volume  1,  Model  Description. 
presents  en  overall  view  of  the  model  and  its  two  major  submodels,  the 
ENGAGEMENT  Model  and  DATA  PROCESSING  Model,  Volume  11,  Model  Development. 
contains  the  retionele  for  the  development  and  discussion  of  details, 
together  with  the  derivations  of  all  equations.  Flow  charts  and  program 
listings  appear  in  Volume  111,  Program.  Volume  IV,  Appendices,  contains 
discussions  of  certain  model  concepts  in  deteil. 

The  entire  report  is  UNCLASSIFIED, 

This  report  supersedes  the  original  ATAC-2  document  [Ref,  1],  The 
many  changes  end  modifications  made  in  the  evolutionary  development  of 
the  model,  based  on  the  analysis  of  many  computer  runs,  have  rendered 
the  earlier  version  outdated.  The  program  of  the  model  as  reported  here 
was  used  for  production  runs  in  June,  1967, 

Certain  modifications  which  allow  either  eircreft  to  detect  initially 
ars  reported  sspsrately  in  the  document  "Fighter  Vs.  Fighter  Combat i 
AXAC-2  Model)  Double  Search,"  [Ref.  2], 


ABSTRACT 


AT AC -2  i«  e  simulation  model  designed  to  halp  evaluate  fighters  In 
air-to-air  combat.  Tha  model  treats  the  ona  va,  one  dogfight  which  arises 
from  a  randan  search  situation.  Both  aircraft  in  the  combet  are  (visually) 
aggressive.  The  two  principal  outputs  from  the  model  are  tha  probability 
a  given  aircraft  le  killed  in  the  fight  and  tha  expected  number  of  enesqr 
aircraft  an  aircraft  kllle  over  its  useful  life.  Combat  le  restricted  to 
a  fixed  altitude.  The  maneuvers  are  dynamic  in  that  each  aircraft  responds 
to  the  situation  at  each  moment  in  a  duel  depending  on  the  information  it 
has  about  an  opponent's  activities. 

Inputs  include,  for  each  aircraft,  search  and  tracking  radar  character¬ 
istics,  passive  radar  seneors,  optical  capability,  IFF,  energy-maneuverability 
data,  weapon  loadings,  weapon  characteristics,  and  weapon  kill  probabilities. 

The  rationale  for  the  model  specifics  are  presented.  Flow  charts  end 
program  listings  are  included.  The  model  has  been  run  repeatedly  on  an 


IBM  7094 


ACKNOWLEDGMENT 


It  la  a  pleasure  to  acknowledge  the  technical  contribution  of  the 
personnel  of  the  Directorate  of  Operations  Research  with  whoa  end  for 
whoa  this  model  wes  developed.  In  particular,  It  Is  noted  that  many 
helpful  comments,  suggestions,  and  criticisms  were  made  by  Lawrence  Boyd, 
Duane  Dunlap,  Walter  Grady,  Thomas  Maney,  Lt,  Kenneth  Pierscalla,  and 
Ralph  Schwab, 


It  Is  also  a  pleasure  to  acknowledge  the  many  ouggeetlone  and 
Ideas  of  our  colleagues  at  CSA,  In  particular,  lt  Is  worthy  to  single 
out  Thomas  Cayvood,  James  Carons,  Jamee  Hall,  Thomas  Morton,  James  Ruet, 
Donald  Schiller,  and  Ronald* Swanson, 


The  model  was  programmed  by  Jeannette  Fllslngsr  end  Fey  Young  of 

dr*. 

the  SjMki:  Engineering  fleemyy  ASD,  at  Wrlght-Pett arson  Air  Force  Base, 
Their  patience  and  response  to  the  frequent  changes  end  modifications 
made  In  the  flow  cherts  are  appreciated. 


-  Ill  - 


TABLE  OF  CONTENTS 


PREFACE .  1 

ABSTRACT .  11 

ACKNOWLEDGMENT . . .  ill 

TABLE  OF  CONTENTS . lv 

LIST  OF  FICURES .  lx 

VOW  l  ",  m 

1.  INTRODUCTION  . 1 

1.1  Major  Assumptions  .......  .  2 

1.2  ENGAGEMENT  Model.  .  ..........  * 

1.2.1  Initiation .  7 

1.2.2  Maneuvers.  .  .....  8 

1.2.3  Firing  Conditions.  . . 10 

1.2.4  Termination . .  .  •  .  22 

a 

1.3  DATA  PROCESSING  Model  .  ' .  11 

1.4  Inputs .  12 

1.4.1  Aircraft  Characteristics  .  12 

1.4.2  Sensors . 28 

1.4.3  Weapons .  ^ 

1.4.4  Miscellaneous .  12 

1.5  Output  of  ENGAGEMENT  Model .  17 

1.6  Output  of  DATA  PROCESSING  Model .  18 

1.7  Example  of  an  _i'AC-2  Run .  20 

VOLUME  II  -  MODEL  DEVELOPMENT 

2.  MODEL  CHARACTERISTICS  AND  ASSUMPTIONS .  1 

3.  POINTS  OF  EMPHASIS  IN  AXAC-2 .  2 

-  lv  - 


TABLE  OF  CONTENTS  (CONT. ) 


4.  ENGAGEMENT  MODEL  DEVELOPMENT  .  .  .  . .  4 

4.1  Introduction . 4 

4.1.1  Layout  of  Development.  ,  . .  5 

4.1.2  Symbols, .  7 

4.1.3  Coordinats  Systems  . . ,  8 

4.2  Search .  9 

4.3  Engagement  Geometry .  16 

4.3.1  Equations  of  Motion . 20 

4.3.2  Equation  Close  In .  25 

4.4  Weapon  Firings.  . .  26 

4.4.1  Launch  Envelopes . 27 

4.4.2  Lethality . .  29 

4.4.3  IFF .  31 

4.4.4  Oxygen  Debt . 31 

4.4.5  Firing  Rats .  32 

4.4.6  Tall  Guns . .  •  •  •  •  32 

4.5  Attacker's  Course  .........  .  33 

4.5.1  DEL  Pursuit  Course  .  33 

4.5.2  Preferred  Firing  Positions  (R*) 

and  Closing  Speed  Doctrine .  36 

4.6  Turning  Rats  (8)  and  Accclsratlon(s)  Tactics  ....  37 

4.6.1  Doctrine's  Desired  6  and  a.  . .  37 

4. 6. 1.1  Turning  Rate .  37 

4. 6. 1.2  Criterion  for  Accelsration .  38 

4.6.2  Limitations  on  Maneuvers . .  39 

4. 6.2.1  Specific  Power,  Pg  .  39 

4. 6. 2. 2  General  Rule  for  Handling 

Pg  Limitations  . .  41 

4. 6. 2. 3  Other  Limitations  .........  43 


v 


TABLE  OF  CONTENTS  (CONT.) 

Page 

4,7  Details  of  Tactics.  ......  .  44 

4.7.1  Pursuit  Doctrine  .  44 

4.7.1. 1  Steady  State.  ...  .  52 

4.7.2  Non-Pursuit  Doctrine  with  Good  Information  .  54 

4.7.3  Tactics  with  Poor  Information .  55 

4.7.4  Passive  Information . 55 

4.7.5  Lack  of  Actlvs  Information . 57 

4.7.6  Evasion.  . .  58 

5.  ENGAGEMENT  MODEL  FLOW  CHART  DISCUSSION .  60 

5.1  Introduction . 60 

5.2  General  Conventions  ......  .  61 

5.2.1  Diagrams  of  Angles .  61 

5.2.2  Plow  Chart  Conventions .  68 

5.3  The  EXECUTIVE  Routine .  69 

5.4  The  GRID  PREPARATION  Routine .  71 

5.5  The  COMBAT  Routine .  80 

5.5.1  Ths  GRID  Routine . 82 

5.5.2  The  INITIALIZE  FLIGHT  Routine .  87 

5.5.3  NAVIGATIONAL  SYSTEMS .  89 

5. 5. 3.1  The  INFO  Routine .  94 

5.5. 3. 2  The  ACTIVE  Routine .  95 

5. 5. 3. 3  The  PASSIVE  Routine  .  95 

5.5.3.4  The  R($,)  Function.  .......  97 

5.5.3. 5  The  AWARE  Routine .  98 

5. 5. 3. 6  Ths  G^(x)  Routine  . .  98 

5.5.3. 7  The  gj(x)  .Routine . .  .  99 

5. 5. 3. 8  The  *<0^,8.)  Function .  99 

5. 5. 3. 9  Ths  &(x)  Function .  99 

5.5.4  ADVANCE  RELATIVE  COORDINATES  .  99 

5.5.5  TRANSFORM  TO  INERTIAL  COORDINATES  Routine.  .  101 

5.5.6  The  FIND  G,  Routine . 103 

5.5.7  CHECK  WEAPONS  Routine .  104 

5,5. 7.1  The  R^g,  R'jgg  Routine, 


-  vi  - 


107 


TABLE  OF  CONTENTS  (CONT.) 


Page 

5.5.8  The  PRINT  Routine . .  109 

5.5.9  The  OVER  Routine . .  110 

5.5.10  The  RESULTS  Routine . .  110 

5.5.11  General  Purpose  Routines  ..........  112 

5.5.11.1  The  PV(x)  Function  .......  112 

5.5.11.2  The  SGN(x)  Function .  112 

5.5.11.3  The  Q(x)  Function . .  .  113 

6.  DATA  PROCESSING  MODEL  DISCUSSION  .  .......  114 

6.1  Introduction . .  114 

6.2  Engagement  Probabilities  of  Kill. . .  115 

6.3  Encounter  Probabilities . * .  121 

6.4  A  Measure  of  Effectiveness . .  129 

6.5  Computational  Considerations . .  131 

7.  DEFINITIONS . .  7-1 

7.1  Introduction . .  7-1 

7.2  Definition  List .  7-1 

7.3  Input  Considerations . .  7-18 

7.3.1  Parameter  Guidance . .  7-16 

7.3.2  Model  Logic .  7-20 

7.3.3  Flow  Chart  Restrictions . .  7-21 

7.3.4  Program . . . .  7-22 

VOLUME  III  -  PROGRAM 

7.  DEFINITIONS  (Repeated  from  Volume  II) . 

7.1  Introduction . .  71 

7.2  Definition  List .  7-1 

7.3  Input  Considerations .  7-18 

7.3.1  Parameter  Guidance  .............  7-18 

7.3.2  Model  Logic .  7-20 

7.3.3  Flow  Chart  Restrictions . . .  7-21 

7.3.4  Program. .  7-22 

8.  FLOW  CHARTS, .  23 


-  vii  - 


TABLE  OF  CONTENTS  (CQNT.) 


9.  PROGRAM  LISTING; .  46 

10.  AN  EXAMPLE  OF  INPUT  AND  OUTPUT  . .  138 


VOLUME  IV  -  APPENDICES 


APPENDIX  A  -  PROBABILITY  OF  DETECTION.  .  .  1 

A.l  Stationary  Target  .......  .  .....  2 

A.  2  Non-Stationary  Target  ......••••.••••  2 

APPENDIX  B  -  GEOMETRIC  CONSIDERATIONS.  .....  .  5 

3.1  Inertial  va.  Relative  Coordinates  ....•••■■  5 

B. 2  Deriving  Relative  Coordinates 

from  Inertial  Coordinates . .  7 

B. 3  The  Equations  of  Relative  Motion.  . . 7 

APPENDIX  C  -  THE  DEL  PURSUIT  COURSE . 10 

C. l  Rationale . 10 

C.2  Formulation  •  ••■••••••••••••«••.  14 

•C.3  Implications  of  the  DEL  Pursuit  Course .  18 

C.4  Derivation  of  $*• . 21 

APPENDIX  D  -  TURNING  RATE .  23 

APPENDIX  E  -  SPECIFIC  POWER  FUNCTION . 26 

APPENDIX  F  -  STEADY  STATE  CONDITIONS  .  .  32 


viii 


LIST  OF  FIGURES 


VOLUME  I  page 

1.7-1  Plot  of  an  Engagement . . . 21 


VOLUME  II 

4.1- 1  ATAC-2  Master  Flow . . .  6 

4.2- 1  Typical  Radar  Pattern . 10 

4.2- 2  Typical  Optical  Pattern . 10 

4.2- 3  Bombers  in  Random  Direction. . 12 

4.2- 4  Bombers  in  Same  Direction.  . . 14 

4.2- 5  Results  of  Increasing  Fighter  Speed . 14 

4.2- 6  Search  Flow . 7  5 

4.2- 7  Read  On  Case . 17 

4.2- 8  Bomber  Comes  In  from  Behind . 17 

4.2- 9  Fighter  Detects  While  Bomber  is  in  Rear . 17 

4.2- 10  Grid  For  Given  . . .  18 

4.3- 1  Defining  Relati  ve  Position*? . 19 

4.3- 2  Establishing  Inertial  Position  of  Bomber  .....  .  23 

4.3- 3  Establishing  Inertial  Position  of  Fighter . .  .  24 

4.4- 1  Weapon  Firing  Envelope . . . 28 

4.4- 2  Handling  Missiles  with  Varying  Lethality  .  30 

4.5- 1  Decrease  in  Lag  as  Pursuer  Swings  Behind  Tsrget . .  .  34 

4.6- 1  Geometric  Description  of  S(V')  .  40 

4.6- 2  Typical  Specific  Power  Function . 42 

4.7- 1  Tactical  Cases  (m  states) . 45 

4.7- 2  Steady  Statn  Geometry . 33 


ix  - 


LIST  OF  FIGURES  (CONT’D) 


4.7-3  Passive  Receivers. . .  .  .  .  . 

5.2- 1  Line  of  SighC  Segments  . 

5.2- 2  Defining  Relative  Positions . 

5.2- 3  Orientation  of  8^  with  respect  to  the  Inertial 

Coordinate  System.  ....  . 

5.2- 4  A/C  Sensor  Ualf-Angles . . . 

5.2- 5  Orientation  of  for  Firing  Tables.  ........ 

5.2- 6  Definition  of  Angles  in  the  GRID  (X, Y) 

Coordinate  System  .  ....... 

5.4- 1  Logical  Basis  For  GRID  PREPARATION  and  GRID  Routines 

5.4- 2  GRID  PREP  Cases . . 

5.4- 3  Determination  of  y  .........  . . .  . 

5.5- 1  Determination  of  R  and  ap  from  Arc  Gridpoint  .  .  .  . 

5.5- 2  Determination  of  R  and  <*p  Radial  Gridpoint  .  .  .  .  . 

5.5- 3  Determination  of  aB . .  ...  . 

5.5- 4  Information  (It)  states  . . 

5.5- 5  Determination  of  and  . 

6.3- 1  Arc  Portion  Represented  by  e's  . 

VOLUME  IV 

B. l-1  Inertial  and  Relative  Geometry  . 

C. l-1  Defining  Function  of  the  DEL  Pursuit  Course.  .  .  .  . 

C.l-2  A  DEL  Pursuit  Course  . 

C.2-1  Lead  and  Lag  Positions  . 

C.2-2  Singular  Cases . . . 

C.3-1  DEL  Paths  for  Different  Values  of  . 


Page 

56 

61 

62 

64 

65 

66 

67 

73 

75 

77 

84 

86 

87 

90 

100 

125 


6 

12 

13 

15 

16 
19 


-  x  - 


D-l  A  Duel . 

£-1  A  Specific  Power  Function . 

F-l  Steady  State  Parameters.  .  .  . 

F-2  Steady  State  Velocity  as  Function  of  Angle-off 
F-3  Steady  State  Range  as  Function  of  Angle-off.  . 


Page 

24 

29 

34 

35 

36 


SECTION  7 


DEFINITIONS 


7.1  Introduction 

Section  7  is  intended  primarily  for  reference.  Section  7.2  defines 
all  symbols  used  in  the  flow  charts  and  the  text,  although  the  symbols  are 
also  defined  where  Introduced  in  the  text.  The  units  associated  with  a 
variable  are  included,  both  for  clarification  and  for  use  in  setting  input 
values. 

An  "I"  after  a  definition  means  that  this  variable  is  an  input  to  the 
model,  A  "C"  means  the  variable  is  internally  computed.  This  can  be 
useful  when  reading  the  flow  charts,  as  some  variables  which  abstractly 
seem  to  be  "inputs"  are  actually  computed  from  other  values.  Variables 
used  only  in  the  text  for  model  discussion  have  a  1)  after  their  definition 

This  list  is  repeated  in  Volume  III,  Section  7, 

Also  Included  in  this  list  is  the  FORTRAN  symbol  associated  with 

each  variable  where  appropriate.  These  symbols  do  not  include  the  sub¬ 
scripts  of  subscripted  FORTRAN  synbols  nor  do  they  include  the  arguments  of 
FORTRAN  functions. 

Section  7.3  discusses  some  input  restrictions. 


7,2  Definition  List 


Symbol 

Definition 

Fortran 

a' 

An  index  with  values  of  0  and  1  indicating 
respectively  that  the  bomber  was  unaware  or 
aware  during  an  engagement.  Also  used  in  text 
for  the  area  within  which  the  bomber  flies 
during  the  search,  (C) 

1A 

a 

The  area  swept  out  by  the  fighter's  detection 
pattern  during  its  search, (ft^) 

ai 

The  acceleration  of  aircraft  i  ,  (ft/sec  )  (C) 

A 

ACTIVE 

A  logical  variable  that  takes  values  of  YES  and 

NO  (or,  equivalently,  TRUE  and  FALSE)  Indicating 
whether  or  not  an  aircraft  has  active  information 
from  optical  or  detection  radar,  (C) 

ACT 

aDEC^ 

The  input  deceleration  of  aircraft  i  , 
aoEc(i)  must  be  input  as  a  negative  number , 
(ft/sec^)  (1) 

ADEC 

The  input  parameter  of  the  decreasing  lag  course 
function  of  aircraft  i  .  This  is  the  angle  that 
aircraft  i  will  try  to  lag  by  when  its  enemy  is 
flying  pure  pursuit  and  Xj  ■  0  ,  (deg)  (1) 

AM 

B 

An  index  identifying  the  aircraft  designated 
as  "bomber,"  B  always  equals  2,  (I) 

IBMR 

Bi 

An  index  with  values  0,  1  indicating  the 
pilot' a  sickness  state,  (C) 

BINDEX 

C 

A  flow  chart  symbol  used  to  indicate  the 
genera^  maneuver  of  Circle, 

CL 

A  flow  chart  symbol  denoting  e  general 

Circle  Lost  maneuver;  i.e,,  lost  information. 

D 

The  distance  traveled  by  the  bomber  during 
the  fighter’s  search,  (ft)  (I) 

D 

D1V 

A  temporary  computation  used  in  the  Data 

Processing  Model.  (C) 

DIV 

Symbol  Definition  Fortran 

D(k,  1)  An  Index  indicating  the  general  maneuver  to  D 

be  performed  by  aircraft  1  when  in  infor¬ 
mation  state  k  ;  0  *  evasive  maneuver, 

1  *  aggressive  maneuver.  (I) 

e  The  base  of  the  natural  logarithm  ■  EXP 

2.71828  .... 

EKB,  EKT  The  expected  number  of  bombers  killed  by  a  EKB 

fighter  over  its  useful  life.  (C) 

EKF  The  expected  number  of  fighters  killed  by  a  EKF 

bomber  over  its  useful  life.  (C) 

ESB  A  temporary  calculation  of  the  expected  ESB 

number  of  sorties  completed  by  the  fighter.  (C) 

E^  A  flow  chart  symbol  used  to  indicate  the 

general  maneuver  of  Evade  by  Circle, 

A  flow  chart  symbol  used  to  indicate  the 
general  maneuver  of  Evade  JLinearly. 

Specific  energy, (ft) 

The  expected  number  of  sorties  completed  in 
at  most  n  attempts,11 

ENV  SW(MIS,  i)  A  switch  which  when  ON,  or  TRUE,  indicates  that  ENV  SVT 

aircraft  1  has  fired  a  weapon  of  type  MIS; 
otherwise  the  weapon  type  has  not  been  fired 
and  the  variable  has  a  value  of  OFF,  or  FALSE.  (C) 

F  The  segment  Y*  times  the  ratio  of  the  FSMALL 

borabeA  velocity  to  the  relative  velocity; 

F  is  used  in  the  computation  of  Pp(c)  •  (ft)  (C) 

F  An  index  identifying  the  aircraft  designated  IFTR 

"fighter,"  1  F  always  equals  1.  (C) 

f^  ,  f  Oxygen  flow  leaving  and  returning  to  pilot's 

*  brain.  Functional  notation  in  text  is  made 

explicit  in  flow  chart. 11  (sec"1) 

,  g^  An  arbitrary  number  of  g’s  pulled,^ 

Gi  ,  Gj  ,  G^  The  three  levels  of  target's  total  g's  for  which  GT 

the  weapon  envelopes  are  input,  (I) 

Gfi(i)  An  index  with  values  of  0,  1  indieating  rcspec-  GB 

tively  that  the  degree  of  oxygen  debt  of  the 
pilot  of  aireraft  i  will  not  or  will  affect  the 
maneuverability  of  hds  aircraft  by  limiting  the 
g’s  of  his  aireraft,  (I) 


7-3 


Symbol 

3 

s1(v) 

8i(V) 


8MIS(1) 


Gp(i> 

h 


i.  J 


IA(£) 

ICAN(i) 


ID 

I SHIFT 


ITEMP(i) 


k 


'J 


Definition 


The  number  of  total  g's  being  sustained  by 
aircraft  i  ,  (C) 

The  structural  or  aerodynamic  limit  of  total 
g's  for  aircraft  i  as  a  function  of  its 
velocity.  (I) 

The  total  g  function  of  velocity  for  aircraft 
i  at  which  the  specific  power  function  is  zero. 
Note  if  g£(V)  >  G,(V)  then  for  that  V  gj(V) 
is  unattainable  ana  Gj(V)  should  be  inputted, 

(I) 

The  level  of  total  g's  for  aircraft  i  sbove 
which  weapon  type  HIS  cannot  be  fired  from 
aircraft  i  ,  (I) 

The  maximum  number  of  total  g's  that  the  pilot 
of  aircraft  1  is  able  to  sustain,  (I) 

The  altitude  of  the  simulated  engagements; 
used  as  an  identifier  only,  (ft)  (I) 

Indices  that  take  on  values  of  F  and  G 

and  do  not  have  the  same  valus,  These  symbols 

always  indicate  an  aircraft  a.id  nothing  else,  (C) 

The  aircraft  that  fired  the  veapon  in 

an  engagement ,  (C) 

An  index  with  values  1,  0  indicating  respec¬ 
tively  that  aircraft  i's  firing  of  any 
weapon  is  or  is  not  being  delayed  in  an 
engagement  so  as  to  get  o  a  better  position 
at  the  time  of  firing,  (C) 

Identifying  titles  of  the  combatants  for 
printing  purposes,  (I) 

An  index  with  values  1,  2  end  3  indicating  that 
the  first,  second  or  third  value  of  tQ(«)  is 
assigned  to  At  ,  (C) 

An  index  with  values  1,  0  indicating  respec¬ 
tively  that  aircraft  i  does  or  does  not  have 
IFF.  (C) 

An  index  with  values  1,  2,  ,,,,  11  indicating  the 
information  state  of  an  aircraft,  (Also  used 
throughout  as  an  arbitrary  index  with  integer 
values;  vrhen  used  as  such  it  is  defined  in 
context,)  (C) 


Fortran 
G  * 

GBIG 

GMAXT 

GMIS 

GP 

H 

I,  J 

IAFIRI 

ICAN 

ID 

1  .".*«»  1  FT 

ITEMP 

K 
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Symbol  Definition  Fortran 

The  k  state  of  aircraft  i  «  (C)  KPRT 

Kp  ,  KB  ,  K  Symbols  used  to  describe  the  slope  of  the 
DEL  Pursuit  Course  function, 

k(MIS,  i)  A  counter  of  the  number  of  weapons  of  type  KOUNTR 

MIS  fired  from  aircraft  1  .  (C) 

L  One  greater  than  the  total  number  of  weapons  LCAP 

that  may  be  fired  by  both  aircraft} 

L  -  1  +  N(M1S,  i) 

L  A  flow  chart  symbol  used  to  indicate  a  Linear 

course. 


l  An  index  giving  the  order  in  which  waapons  LL1TL 

were  fired  in  an  engagement,  i  <  L  -  1  ,  (C) 

m  An  index  with  values  1*  2  indicating  whether  Ml 

firing  by  one  or  both  aircraft  is  permitted. 

Used  in  P®  ,  PKj  ,  etc.  (C) 

Ml(t)  The  MIS  identification  number  of  the  l**1  M1STP1 

weapon  firad  in  an  engagement,  (C) 

MIS  The  identification  number  assigned  to  a  weapon  MIS 

type,  MIS  takes  values  of  1,  2,  •«,,  nn(i)  ,  (C) 

m^  An  index  identifying  the  position,  velocity  and  1MSTAT 

information  (k)  state  of  aircraft  i  ,  (C) 

N  The  number  of  grid-points  or  points  of  initial-  N 

lzatlon  for  each  e  ,  (1) 

n  An  index  with  values  1,  2,  ,,,,  N  indicating  IGRIDP 

the  grid-point  number  under  consideration. 

Also  used  in  text  for  other  purposes  but  always 
60  Identified,  (C) 

NUIND  An  index  with  values  of  0,  1,  2  indicating  the  NUIND 

mode  of  operation  of  the  tracking  radar  of  each 
aircraft,  (I) 
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Symbol 

Definition 

Fortran 

n  (i) 
m 

The  number  of  distinct  weapon  types  carried 
by  aircraft  i  ,  (I) 

KM 

N  (0 
u 

The  number  of  grid-pointa  in  which  the  bomber 
vai  unaware  for  a  given  c  ,  (C) 

NU 

Ne 

The  total  number  of  c  values  used  in 
an  encounter*  t'C) 

NEPS 

n' 

An  index  used  to  compute  the  variables  x 
and  y  .  (C) 

NT 

n* 

The  maximum  number  of  sorties  by  each 
aircraft* for  the  calculation  of  EKE  and 

EKF  .  (I) 

YN 

)l  (MIS,  1) 

The  total  number  of  weapons  of  type  MIS  on 
aircraft  i  *  (C) 

NUMIS 

°1 

A  variable  indicating  the  amount  of  "oxygen 
debt"  of  the  pilot  of  aircraft  i  incurred 
by  pulling  g’s  over  a  period  of  time,  (C) 

OXDEBT 

P 

A  flow  chart  symbol  used  to  indicate  the 
general  maneuver  of  Pursuit. 

P 

Represents  "pursuer"  in  text  (often  used  as 
subscript) 

PASSIVE 

A  logical  variable  that  takes  vclues  of  Y!  S 
and  NO  or  TRUE  and  FAT.SE  indicating  whether 
or  not  an  aircraft  has  passive  information,  (C) 

PASS 

PKB 

The  probability  for  an  "'ncounter  that  the 
bomber  is  detected  and  Killed.  (C) 

PKB 

PKBGD 

The  probability  that  the  bomber  is  killed 
given  detection  for  the  encounter.  (C) 

PKBGD 

PKE 

The  probability  that  the  bember  is  detected 
and  killed  at  or  before  the  tine  it  becomes 
aware  for  an  encounter,  (C) 

PKE 

PKF 

The  probability  for  an  encounter  that  the 
fighter  detects  the  bomber  ar.d  the  fighter 
is  killed.  (C) 

PKF 

PKFGD 

The  probability  that  the  fighter  is  killed, 
given  detection  for  the  encounter.  (C) 

PKFGD 
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Symbol  Dcrinltion  Fortran 

FKG  The  probability  that  the  bomber  Is  killed  after  PKG 

It  becomes  aware, given  that  it  survived  to  the 
tine  of  Its  awareness  for  an  encounter*  (C) 

PKL  The  probability  that  the  bomber  is  killed  after  PKL 

It  becomes  aware  and  It  survived  to  tha  time  of 
its  awareness  for  an  encounter.  (C) 

The  probability  of  detection  of  the  bomber*  (C)  PDD 

Specific  power. ^  (ft/sec).  Also  probability 
of  survival  of  an  aircraft.  ^ 

Pgjj  The  probability  for  an  encounter  that  the  bomber  PSB 

survives.  (C) 

PSP  Tha  probability  for  an  encounter  that  the  fighter  PS 

survives  and  detects  the  bomber  and  the  bomber  is 
aware  of  the  fighter.  (C) 

Pu  The  probability  that  the  bomber  is  unaware  for  PUU 

an  encounter.  (C) 

P(i)  The  probability  that  the  target  is  dead  just  P 

after  the  Ith  weapon  hits  its  target  in  some 
engagement,  (C) 

p(l)  The  probability  an  aircraft  is  killed  by  the 

weapon  only,  ^ 

PS(i)  An  index  indicating  the  capability  of  the  passive  IPS 

receiver  of  aircraft  1  ;  0  implies  no  capability, 

1  implies-  the  ability  to  detect  the  presence  of 
another  aircraft  but  not  the  position,  and  2  implies 
the  capability  of  1  with  the  ability  to  distinguish 
the  hemisphere  of  the  source.  (I) 

P^j)  An  index  that  when  set  to  zero  will  require  air-  Pi 

craft  j  to  turn  its  tracking  radar  on  for  one 
tine  pulse  only  when  launching  a  weapon,  (1) 

PjM  An  index  with  values  1  and  0  indicating  respec-  P2 

tlvely  that  aircraft  i  h. s  or  has  not  activated 
its  tracking  radar,  (C) 

PV(x)  A  function  that  gives  the  principal  value  of  its  PV 

angular  argument,  (rad)  (C) 

P(x,  y)  •  Probability  distribution  of  bomber's  (x,  y) 

coordinates  during  search, 
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Symbol 

Definition 

J;  nr  trail 

PU/D 

The  probability  that  the  bomber  is  unaware, 
given  that  it  is  detected  for  an  encounter ,  (C) 

PUli) 

PD(e) 

The  probability  of  detection  of  the  bomber 
by  the  fighter  for  some  c  ,  (C) 

PI) 

The  probability  that  the  bobber  is  unaware 
of  the  fighter  for  some  value  of  e  ,  (C) 

PU 

?i(V, 

B) 

The  specific  power  function  of  aircraft  i 
at  velocity  V  and  turning  rote  §  ,  (ft/sec)  (I) 

PEEU 

pkb 

The  probability  that  the  bomber  is  killed,  given 
that  the  bomber  is  detected  end  unaware  for 
an  encounter,  (C) 

PK2B 

PK1 

The  encounter  probability  that  aircraft  J  is 
killed,  given  that  the  bomber  is  detected  and 
aware  and  that  aircraft  J  does  not  fire.  (C) 

PICK 

The  encounter  probability  that  aircraft  jl  is 
killed,  given  that  the  bomber  in  detected  and 
aware,  (C) 

PICK 

PJ<0 

The  probability  for  a  given  c  that  the  bomber 
is  killed,  given  that  it  is  detected  and  unaware. 

PZ 

pJ(o 

The  probability  for  a  given  e  that  aircraft 

J  is  killed,  given  that  the  bomber  is  detected, 
aware  and  that  aircraft  J  docs  not  fire,  (C) 

PK 

Pj(c) 

The  probability  for  a  given  c  that  aircraft 

J  ia  killed,  given  that  the  bomber  is  detected 
and  aware,  (C) 

PK 

PC(c) 

The  probability  that  the  bomber  is  killed  at  cr 
before  the  time  it  becoiacs  aware  for  some  c  ,  (C) 

PCCEPS 

PJ(£, 

n) 

The  probability  for  a  given  e  and  grid-point 
n  that  the  bomber  is  billed,  giver  that  it  is 
detected  and  unaware,  (C) 

PP7. 

Pj(£. 

n) 

The  probability  for  a  given  c  and  grid-point 
n  that  aircraft  j  is  killed,  given  that  the 
bomber  is  detected  and  aware  and  that  j  dots 
not  fire,  (C) 

PP 

Pj(C* 

n) 

The  probability  for  a  given  e  and  grid-  point 
n  that  aircraft  j  is  killed, given  the  bomber 
is  detected  and  aware,  (C) 

PI* 

Symbol  Dcf  iniHon  Fortran 

Pc(c,  n)  The  probability  that  in  an  engagement  the  PCCEPN 

bomber  is  killed  at  or  before  the  time  it 
becomes  aware.  (C) 

P'(MIS,  i)  The  probability  of  kill  of  weapon  type  MIS  PKP 

on  aircraft  i  ,  (1) 

p^(MIS,  i)  The  probability  of  kill  of  weapon  type  MIS  PK 

on  aircraft  i  }  set  to  the  input  value, 

P^(MIS,  i)  ,  or  to  zero,  (C) 

Qb  The  quadrant  of  the  point  B  on  the  fighter's  QB 

detection  pattern,  (C) 

Qc  The  quadrant  of  the  point  C  on  the  fighter's  CJC 

detection  pattern,  (C) 


q(f)  The  probability  both  aircraft  are  alive  at 

time  T(f)  ,1} 

Q(X)  A  function  that  gives  the  quadrant  of  the  Q 

angle  X  ,  (C) 

R  The  range  between  the  two  aircraft,  (ft)  <C)  i- 

r  The  range  of  the  detection  capability  of  the  RSMALL 

fighter;  r  is  set  to  RdetM  this  is 
not  zero  and  to  Rqpx(f)  otherwise.  Also 
used  in  text  for  the  V*  projection  against 
a  stationary  target,  (ft)  (C) 

R^  A  variable  used  to  indicate  whether  the  Rl 

tracking  radar  is  turned  on,  (ft)  (C) 

Distances  used  in  describing  steady  state, ^  (ft) 

rin  An  override  initial  range  that  will  act  so  as  RANGE 

to  shrink  the  detection  range  to  rln  * 

(ft)  (I) 

R*(l,  i)  ,  The  first  and  second  values  respectively  that  RPRIME 

R'(2,  i)  will  be  assigned  to  R*(i)  ,  i,e»,  before  and 

after  the  opponent  becomes  nware,  (ft)  (I) 

RFLOOR(MIS,  i)  A  superimposed  minimum  boundary  of  weapon  RFLOOR 

type  MIS  such  that  the  weapon  type  may  not  be 
fired  from  aircraft  i  whenever  the  range  is 
less  than  RFLOOP.(NIS,  i) ,  (ft)  (I) 
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Syr  l>o  1 
RMOV’(i) 


RTEST(l) 

RTEST(2) 


RpAS(i) 


Definition  1'ortran 

The  range  at  which  aircraft  i  may  ecrrxience  RKOW 

to  fire  at  an  unavare  enemy;  against  an  unaware 
target,  firings  by  aircraft  i  are  postponed 
until  within  a  range  of  R  <  PKOU(i)  .  (ft)  (C) 

The  ranges  at  which  At  will  change  valucc  RTEST 

from  tg(l)  to  tD(2)  and  from  tD(2)  to 
tD(3)  respectively,  (ft)  (I) 

The  range  of  the  passive  demotion  capability  RPAS 

of  aircraft  i  .  (ft)  (I) 


The  range  of  the  tracking  radar  of  aircraft  i  .  RTRK 
(ft)  (I) 


Ropyd) 


^ET^ 


The  range  of  the  optical  capability  of  aircraft  ROPT 
i  .  (ft)  (I) 

The  range  of  the  detection  radar  of  aircraft  i  ,  RDET 
(ft)  (I) 


Wj> 


The  range  of  the  IFF  capability  of  aircraft  i  .  RIFF 
(ft)  (I) 


*Wn 


RMIS 

rmis 


A  minimum  range  which  will  terminate  ar.  engage-  RMIM 
ment;  R  <  R^in  causes  termination  of  an 
engagement,  (ft)  (I) 

The  minimum  range  of  some  weapon  type,  (ft)  (C)  RMISP 

The  maximum  range  of  the  weapon  envelope  of  some  It: IIS 

weapon  type,  (ft)  (C) 


Rl(Vfi,  ob,  The  outer  weapon  envelope  of  weapon  type  MIS 

HIS,  i)  on  aircraft  i  associated  with  a  velocity  cf 

V«  ,  an  angle-off  of  Oh  for  a  value  of  target 

eVo£  G,  .  (ft)  (I) 


RF1T 


R2^Va»  °b» 

The  came 

as 

Ri(Va,  o.  ,  MIS,  i)  but  for  a 

target  g 

RF2T 

HIS,  i) 

level  of 

g2 

.  (ft) (I) 

r3 (Vp *  <V 

The  canc 

as 

F'l (V„ ,  og,  HIS,  i)  but  for  a 

target  g 

RF3T 

MIS,  j) 

level  of 

G3 

.  (ft)  (I) 

Ri<Va»  °b* 

The  inner  envelope  limit  of  weapon  tyre  HIS  on 

RF1PT 

HIS,  i) 

aircraft 

i 

for  an  average  velocity  of  I 

U  and 

angle-off  of 

ob  for  G(l)  total  target 

F. ' 6  •  (ft)(l) 

R2<Vn»  °b» 

The  same 

es 

Ri(vn»  °b»  HIS,  i)  but  for  a 

target  g 

RF2PT 

KIS,  i) 

level  of 

G2 

.  (ft)  (5) 

R3<va*  °b» 

The  came 

as 

Fj(V  ,  cb,  MIS,  i)  hut  for  a 

r-rget  g 

RF3VT 

J  HIS,  i) 

level  of 

G3 

.  (ft)  (I) 
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Syr.bol 

R 


R*(i) 

RfU) 

R(«j) 


si 


Si(c) 


Si(ci  n) 

ST(i) 


S 


srn(x) 


Definition  Fortran 


The  rate  of  chance  of  the  range;  (ft/sec)  (C)  RDOT 
R  «*  dR/dt  . 

The  range  which  aircraft  i  will  attempt  to  RSTAR 

attain  when  in  the  rear  of  its  enemy,  (ft)  (C) 

The  ranee  of  the  tail  gun  of  aircraft  i  ,  RANGUH 

(ft)  (I) 

The  maximum  ranee  at  which  aircraft  j  can  RPHIJ 

fire  any  weapon  when  approaching  an  unaware 
target  from  the  rear,  based  on  the  speeds  of 
the  aircraft  and  tracking  angle  of  the  pursuer. 

It  assumes  the  target  flics  linearly.  This  is 


also  used  as  the  name  of  the  routine  that  calculates 
R($j)  .  (ft)  (C) 

The  expected  fraction  of  t;k\X  that  the  pilot  TIMSIC 

of  aircraft  i  will  spend  in  a  "sick"  condition, 

0^  >  1  ,  for  an  encounter.  Also  used  to  represent 
the  total  amount  of  tine  that  the  .pilot  of  aircraft 
i  spends  in  a  sick  condition,  (In  latter  case;  aec) (C) 


The  expected  fraction  of  t'j^x  that  the  pilot  SICEPS 

of  aircraft  i  vrill  spend  in  a  "sick"  condition 
for  some  value  of  t  ,  (C) 


The  fraction  of  t>^  that  the  pilot  of  aircraft  SICTIII 
i  spends  in  a  "sick"  condition  during  an  engage¬ 
ment  defined  by  t  and  n  ,  (C) 

An  index  indicating  the  general  maneuver  of  1ST 

aircraft  i  ;  (C) 


0 — ►circle 

1— —  linear  flight 

2  — pursuit  course 

3 — ►circle,  lost  information 

A  — ►  evade 

5— ►evade,  lost  information 

An  estimate  of  the  amount  of  change  in  range  S 

when  decelerating  at  a  constant  rate  from  some 
velocity  to  VD  at  a  rate  of  ajjg^fi)  ,  (ft)  (C) 


.  The  signature  function  of  the  argument  x  ; 


epn(x) 


if  x  >  0  , 

Otherv.'ise, 


(C)  SCR 


7-11 


Symbol 


Sf(i) 


S (MIS  y  i) 


T 

t 

fcf 

t' 

tAWART: 

tUST 

'"max 


tPKT 


tDd) 

tD<2> 

tD(3) 


9 

9 


tCU> 


Def initlon 


An  Index  with  value*;  of  0,.l  indicating 
respectively  that  the  decree  of  oxygen  debt 
of  the  pilot  of  aircraft  1  will  not  or 
will  effect  the  firing  of  weapons  by  retarding 
such  firings,  (1) 

An  index  with  values  of  1  and  0  respectively 
indicating  that  aircraft  i  has  or  has  not 
fired  weapon  type  MIS,  (C) 

Represents  "target"  in  text  (often  used  as 
subscript) ,1) 

The  amount  of  time  since  initialization  of 
an  engagement,  (sec)  (C) 

The  time  of  flight  of  all  weapons,  (see)  (I) 

An  arbitrary  time  prior  to  T(f)  Also 

used  in  text  as  a  time  prior  to  detection,  (sec) 

The  time  at  which  the  bomber  became  aware  of 
the  presence  of  the  fighter,  (sec)  (C) 

The  duration  of  tine  of  en  engagement,  (see)  (C) 

The  maximum  amount  of  combat  time  allowed  for 
a  single  engagement,  (sec)  (1) 

The  amount  of  time  required  to  elapse  after 
which  a  loss  of  information  by  both  combatants 
will  terminate  an  engagement,  (sec)  (I) 

The  amount  of  time  until  the  next  printout  of 
each  aircraft's  relevant  parameters,  (sec)  (C) 

The  first,  second  end  third  values  assigned 
At  et  various  transitions  during  an  engagement, 
(see)  (I) 

The  maximum  emount  of  combat  time  allowed  for 
aircraft  i  .  (sec)  (I) 


tMlS^  The  tinc  at  v5lich  aircraft  i  fired  the  first 

weapon  of  type  I -IS,  (see)  (C) 


t(MIS,  i)  Thc  time  of  the  last  firing  of  u  weapon  of  type 

MIS  from  aircraft  i  ,  (see)  (C) 


t* 


The  amount  of  tine  between  printouts  of  the 
combatants'  relevant  variables,  (sec)  (1) 


Fortran 

sr 

s 

T 

TF 

TAWARE 

TLAST 

TMAX 

TWIN 

TRR'i 

TDKLTS 

TC 

THIS 

TLA ST F 

TSTAR 
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Symbol 


Definition 


Fortran 


The  time  at  which  the  <.cn  firing  took  place 
during  an  engagement,  (sec)  (C) 


TFIREI 


Aircraft  speed  used  in  the  input  tables  for  VATAB 
launch  envelopes  and  fer  energy-maneuverability,  VATAG 
(ft/sec)  (1) 


The  speed  for  aircraft  i  which  would  make  the 
range  rate,  R  ,  equal  zero,  subject  to 
Vo  >  Vc(i)  .  (ft/scc)  (C) 

An  arbitrary  speed  used  in  the  distance  function 
S,1'  (ft/sec) 


VZERO 


The  speed  of  one  aircraft  relative  to  the  other 
at  the  time  of  initialization,  (ft/sec)  (C) 


VSTAR 


v0U> 

V*(i) 


The  speed  of  aircraft  i  ,  (ft/sec)  (C) 

The  initial  speed  of  aircraft  i  ,  (ft/scc)  (I) 

The  speed  at  which  the  sustainable  turning 
rate  of  aircraft  i  is  an  absolute  maximum, 

(ft/ Gee)  (C) 


vcU> 


The  minimum  sustainable  speed  of  aircraft  i  , 
(ft/sec)  (C) 


WJ> 


The  maximum  sustainable  speed  of  aircraft  i  , 
(ft/scc)  (I) 


The  weight  of  aircraft  i  ,  (lbs)  (I) 

One  axis  of  the  moving  coordinate  system  used 
in  the  initiation  phase,1'  (ft) 

A  multiplier  with  values  0  and  1  to  change  the 
computed  angle  to  0  or  to  leave  it  as  is, 

(1) 

The  x  position  of  aircraft  i  in  the  (x,  y) 
inertial  coordinate  system,  (ft)  (C) 

A  symbol  used  as  the  argument  of  various 
functions.  Also  used  for  one  axis  of  the 
inertial  coordinate  system,1)  (ft  in  latter  case) 


Used  for  temporary  computations,  (C) 
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_S_ymbol 


x 


1 


X 


2 


x 


i 


Definition  Fortran 

A  temporary  calculation  of  the  maximum 
turning  rate  of  an  aircraft  when  pulling 
the  minimum  of  £^(V^)  snd  G^(Vj)  total 
g's.  (rad/sec)  ?•) 

A  temporary  calculation  of  the  maximum  turning 
rate  of  an  aircraft  when  pulling  Gj(V.)  total 
g's,  (rad/sec)2) 

A  temporary  calculation  of  the  probability  that  X 
both  aircraft  are  alive  at  the  time  of  firing 
of  tho  weapon,  (C) 

Temporary  computations  of  the  future  position 
of  aircraft  i  ,  (ft)^) 


Y  One  axis  of  the  moving  coordinate  system  used 

in  the  initiation  phase,1)  (ft) 

y  One  axis  of  the  inertial  coordinate  system,1)  (ft) 


Yg 

yhax 


Y 

MIN 


Y* 


y* 

7  »  y(*) 


The  relative  Y  coordinate  of  the  bomber  at  YG 

the  beginning  of  the  engagement,  (ft)  (C) 

The  upper  limit  of  the  segment  Y*  in  the  YHAX 

(X,  Y)  coordinate  system  (used  in  initiating 
engagements),  (ft)  (C) 

The  lower  limit  of  the  segment  Y*  in  the  YIIIN 

(X,  Y)  coordinate  system  (used  in  initiating 
engagements),  (ft)  (C) 

The  normal  projection  of  the  fighter's  detection  YSTAR 


pattern  onto  the.  Y  axis  in  the  (X,  Y)  coord¬ 
inate  system  at  the  beginning  of  one  engagement, 

(ft)  (C) 

The  steady  state  speed,  (ft/scc)  (C)  YKEW 

A  temporary  calculation  of  the  probability  Y 

that  aircraft  j  survived  any  v?eapons  that  hit 
between  the  firing  and  arrival  of  the 
weapon,  (C) 

A  parameter  used  in  determining  the  detection  B 

contour  for  some  c  ,  (ft)  (C) 


a  parameter  used  in  determining  the  detection  C 

contour  for  come  t  ,  (ft)  (C) 


2)  Used  in  flow  chart  only. 
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• 

y± 

The  v  position  of  aircraft  i  in  the 
(x,  y)  inertial  coordinate  Eysten,  (ft)  (C) 

i 

*  ! 

s 

ZK  >  ZW  » 

y  7' 

Temporary  calculations  used  to  compute  the 
weapon  launch  envelopes,  (ft)2' 

°1  »  °2  » 

*3  »  % 

Used  to  describe  DEL  course. ■*-)  (rad) 

t 

% 

ai 

The  rate  of  chhn,Be  of  j  (rad/sec)  (C) 

ALPDOT 

®i  *  daj/dt  • 

l 

1 

°g(i) 

The  half-angle  defining  the  tail  gun  capability 
of  aircraft  i  measured  from  the  tail  of  the 
aircraft,  (deg)  (I) 

ALPGUN 

1 

®MAX(i) 

The  internally  confuted  parameter  of  the  DEL 
function  of  aircraft  i  •  (rad)  (C) 

ALPMAX 

atliS(i) 

The  half-angle  of  the  cone  in  which  aircraft 
i  must  be  tracking  its  cncny  in  drder  to 
fire  weapon  type  MIS.  (deg)  (I) 

ALPMIS 

f 

c 

ai 

The  tracking  angle  of  aircraft  i  ,  neasured 
from  the  inner  line  of  sight  to  the  velocity 
vector  of  the  aircraft,  (rad)  (C) 

ALPHA 

i 

1 

1 

aDET(i) 

The  half-angle  of  the  detection  radar  cone  of 
aircraft  i  ,  (deg)  (.1) 

ALPDET 

1 

i 

j 

1 

1 

The  half-angle  of  the  IFF  capability  of 
aircraft  i  .  (deg)  (1) 

ALP IFF 

'i 

1 

j 

®OPT^ 

The  half-angle  of  the  optical  capability  of 
aircraft  i  ,  (deg)  (1) 

ALPOPT 

j 

1 

1 

i 

aPAS^i} 

The  half -angle  of  the  passive  detection  capa¬ 
bility  of  aircraft  i  measured  off  the  tail  of 
the  aircraft,  (deg)  (I) 

| 

ALPHAS 

! 

aTRKa) 

The  half-angle  of  the  tracking  radar  cone  of 
aircraft  i  .  (deg)  (I) 

ALPTPK 

i 

The  turning  rate  of  aircraft  i  .  (rad/scc)  (C) 

BETDOT 

6i 

The  angle  of  aircraft  i's  heading  measured 
from  the  x  axis,  (rad)  (C) 

BETA 

t 

Y 

An  angle  used  in  defining  tie  initial  positions 
of  the  aircraft,  (rad)  (C) 

CA’MA 

t 

^  Used  in 

flow  chart  only. 

■i 

■ 
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Symbol  Definition  Fortran 

6  .  The  density  of  f filters  essig.ncd  to  an  area  DELTA 

for  search  purposes;  used  in  computing  the 
probability  of  detection,  Pj)(c)  ■  (ft”^)  (T.) 

6a  The  change  in  a  in  one  time  pulse, ^  (rad) 

it  The  incremental  time  slice  of  simulation  —  a  DELTAT 

time  for  which  rate  of  change,  ft  ,  6  ,  etc,, 

are  assumed  to  be  constant  in  the  integration 
of  the  equations  of  motion,  (see)  (C) 

AY  The  change  in  the  value  of  Y  for  different  DELTYG 

grid-points,  (ft)  (C) 

Ac  The  change  between  c  values  for  various  sets  DFLEPS 

of  grid-points.  If  input  to  a  value  greater  than 
18CP  the  program  will  execute  only  one  value  of 
c  .  (deg)  (I) 

c  The  angle  betv;een  the  velocity  vectors  of  the  EPKLOX 

comhatants  measured  from  the  fighter  to  the 
bomber  at  the  time  of  initialisation.  Also  used 
to  indicate  the  index  of  a  particular  value  of  c 
in  summations,  (In  special  cases  this  my  be 
an  input.)  (deg)  (C) 

,  c2  The  first  and  last  values  respectively  of  c  ,  (deg)(c)  EPSLON 

rj  The  desired  tracking  angle  of  an  aircraft  as  ETA 

computed  by  the  DEL  course  function,  (rnd)  (C) 

A.  The  constant  deviate  angle  flovrn  by  aircraft  i  LAMBDA 

when  inside  the  cone  of  its  enemy,  (deg)  (I) 

e  The  angle  between  the  X-axis  end  the  ray  from  THETB 

(0,  0)  to  the  point  B  of  the  fighter's  det¬ 
ection  pattern,  (red)  (C) 

The  angle  between  the  X-axis  and  the  ray  from  TliETC 

(0,  0)  and  the  point  C  on  the  fighter's  det- 


ection  pattern,  (rad)  (C) 

■t* 

The  turning  rate  of  the  line  of  sinht,  (rnd/sec) 
(C) 

THKDOT 

u 

The  angle  between  the  vector  V*  and  the  heading 
of  the  fighter  at  initialization,  (rad)  (C) 

rsu 

I 

3,14159  ...  (C) 

PI 
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Symbol 

Definition 

Fortran 

P 

The  half-angle  of  the  fighter's  detection 
capability;  p  is  set  to  «det(f)  this 

is  not  zero  and  to  ^OPT^)  otherwise,  (rad)  (C) 

RHO 

°b 

An  angle  indicating  the  angle-off  tines  the 
sign  of  the  direction  of  turn  of  the  target, 

(rad)  (I) 

SIGB 

C(MIS, 

i) 

A  counter  of  the  amount  of  time  that  aireraft 
i  has  spent  in  the  envelope  of  weapon  type 

MIS  since  the  last  firing  of  weapon  type  MIS, 

(see)  (C) 

SIGMIS 

Ti 

The  approximate  amount  of  time  that  aircraft  i 
will  need  to  fire  a  weapon  after  its  tracking 
radar  is  activated;  used  to  compute  distance 
from  R($j)  at  whieh  to  aetivate  its  tracking 
radar,  (sec)  (1) 

TAD 

t(MIS, 

i) 

A  counter  of  the  total  amount  of  time  that 
aireraft  i  has  spent  in  the  envelope  of 
weapon  type  MIS,  (see)  (C) 

TAUMIS 

♦i 

t 

The  angle  off  the  target  of  aireraft  i  ; 
measured  from  the  outer  line  of  sight  co  the 
heading  of  aireraft  j  ,  j  /  i  ,  (rad)  (C) 

PHI 

♦i 

The  rate  of  change  of  ^  ;  (rad/see)  (C) 

$i  *  d^/dt  , 

PUIDOT 

The  half-angle  of  the  cone  in  the  rear  of  a  target 
aircraft  within  which  pure  pursuit  is  the 
navigation  doctrine,  if  ■  0  ,  (rad)  (C) 

PillSTR 

7.3  Input  Considerations 


While  ATAC-2  was  developed  with  a  general  user  in  mind ,  completely 
arbitrary  inputs  are,  of  course,  impossible  to  handle.  Limitations  exist 
and  considerations  must  be  given  to  the  values  of  inputs.  These  consider- 
ations  are  necessary,  In  come  instances,  due  to  the  nature  of  air-to-air 
combat  and  in  other  Instances  due  to  the  specifics  of  the  program  as  it  exist 
Below  are  listed  some  of  these  considerations  end  limitations  under  various 
headings, 

7,3,1  Parameter  Guidance 

(1)  In  the  program  the  value  of  the  internal  variable  R*(F)  is 
initielly  set  to  the  input  R'(l,  F)  ,  This  is  the  range  vzhich  the 
fighter  tries  to  attain  off  the  tail  of  an  unaware  bomber,  before  firing 
any  weapons.  If  the  fighter  can  maintain  surprise  R'(l,  F)  will  he  the 
range  at  which  the  bomber  becomes  aware  by  being  fired  upon.  Two  consider¬ 
ations,  therefore,  should  be  observed  when  selecting  a  value  for  R'(l,  F)  , 

Firstly,  this  range  should  be  such  as  to  allow  firings  of  the  more 
lethal  weapons  of  the  fighter.  Secondly,  the  range  should  be  such  as  to 
allow  the  fighter  to  stay  behind  the  bomber  when  the  latter  becomes  aware 
and  begins  to  maneuver.  This  lest  consideration  is  very  difficult  to 
quantify.  In  general,  the  ability  of  the  fighter  to  ctoy  behind  a 
maneuvering  bomber  is  a  function  of  both  velocities,  both  turning  rates 
and  both  deceleration  rates.  However,  the  elorer  the  fighter  is  to  its 
steady  state,  range  and  its  associated  velocity  (sec  Appendix  F),  if  it 
exists,  the  easier  It  will  be  to  stay  behind  the  bomber. 


(2)  The  range  R*(i)  ,  input  as  R'(2,  i)  ,  represents  the  range 

at  which  aircraft  i  would  like  to  be  off  the  tail  of  its  enemy  so  as  to 
be  able  to  fire  its  shortest  range  weapons,  usually  guns,  while  the  enemy 
is  maneuvering.  The  selection  of  this  parameter  is  influenced  by  the 
cspsbilitv  of  this  shortest  range  weapon.  However,  the  maneuverability 
of  both  aircraft  must  be  accounted  for.  In  Appendix  P  It  is  shown  that 
selection  of  R*(i)  (or  a  steady  state  range)  ha3  implications  on  other 
parameters  ss  wall,  namely  the  velocity  and  angle-off  associated  with 
R*(i)  ,  Thus,  if  possible  these  considerations  (the  values  of  R*(i) 
that  allow  weapon  firings  and  the  values  of  R*(l)  that  allow  steady 
state  conditions  to  obtain)  should  be  combined  to  arrive  at  a  realisable 
R*(i)  whenever  possible. 

It  should  be  noted  that  R*(i)  originally  takes  on  an  input  value 
R*  (1,  i)  which  in  the  ease  of  the  fighter,  is  the  range  at  which  it  r.sy 
begin  firing.  Once  this  range  is  achieved,  it  then  closes  to  this  close 
range  R*(2,  i)  , 

(3)  The  length  of  the  time  pulse  At  Influences  the  running  tine 
of  the  computer  program.  The  running  time  is  Inversely  proportional  to 
At  .  However,  as  At  increases  some  singularities  occur.  For  exsnple, 
the  path  of  an  aircraft  may  cross  a  launch  envelope  fron  one  pulse  to 
the  next,  without  being  in  the  launch  envelope  at  the  beginning  of  a 
pulse.  A  possible  firing  will  be  missed.  Also,  since  the  method  of 
numerical  integration  in  the  model  assumes  that  the  time  derivatives  of 
the  relative  parameters  arc  constant  for  a  period  of  time  At  ,  the  length 
of  At  should  be  kept  fairly  small.  The  error  due  to  this  assumption  is 
inversely  proportional  to  R  .  The  assumption  is  therefore  worse  for 
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smaller  values  of  range;  tuncc  the  capability  in  the  program  to  ducrer.se 
the  length  of:  At  as  the  range  gets  smaller.  Typical  values  for  At  arc: 

tD(l)  •  5,0  sec, 

®TEST^  p  100,000  . 

t~(2)  «*  2,0  sec, 

®TEST^  **  70,000 

*1)0)  -  ,25  sec. 

7.3,2  Model  Logic 

The  following  arc  logical  restrictions  of  the  model,  i.c,,  the 
violation  of  them  vill  affect  the  logic  of  the  model: 

1,  All  calculations  involving  aDKC^  assume  r.n  associated 
negative  value;  hence  a^.^fi)  must  be  inputted  as  less  than 
or  equal  to  zero, 

2,  IFF  is  necessary  before  firings  can  ta’:o  place;  a1Ff.(i)  and 
RIKF^  oust,  therefore,  be  non-zero  if  aircraft  i  is  to 
fire  its  weapons, 

3,  Each  aircraft  may  obtain  active  information  only  from  cither 
Its  detection  radar  or  optical  system.  An  extension  of  t lacking 
radar  coverage  over  that  of  the  detection  coverage  ados  no 
capability.  To  avoid  confusion  end  false  interpretation 

the  tracking  pattern  should  be  contained  within  tho  detection 
pattern:  o^p^(i)  £  Oj^<p(i)  and  * 
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4,  The  speeds  for  which  the  specific  power  function  is  inputted 
should  be  restricted  to  allow  the  aircraft  at  least  to  maintain 
altitude  at  the  assuned  power  setting  and  altitude*  Both  g 
functions  of  speed  gj(V)  and  G^(V)  must  be  greater  than 
or  equal  to  1  for  all  possible  speeds*  The  specific  power 
function  must  be  greater  than  or  equal  to  zero  at  1-total  g 
(zero  turning  rate)  for  all  possible  speeds, 

7,3,3  Flow  Chart  Restrictions 

The  following  restrictions  are  implied  by  the  flov;  charts: 

1,  There  are  three  (3)  g  values  for  which  the  ueapoa  launch 

envelopes  are  input,  namely  ^  , 

2,  In  the  tables  for  g^(V)  ,  Gj(V)  ,  and  weapon  envelopes 

the  minimum  and  maximum  speeds  should  extend  at  least  to 

the  possible  speed  values  of  V  (i)  and  V  (i)  , 

C  max 

respectively.  Otherwise  when  a  routine  uses  a  table  to 
find  a  functional  value  for  a  speed  outside  the  tabular 
range,  the  routine  linearly  extrapolates  to  find  the 
required  functional  value, 

3,  The  tine,  t*  ,  between  printings  of  the  positional  parameters 
of  the  aircraft  should  be  a  multiple  of  the  time  pulse  At  • 
This  avoids  round-off  errors  and  ensures  a  constant  time 
between  printings, 

4,  The  initial  velocity,  VQ(i)  ,  of  aircraft  i  must,  of  course, 
be  within  the  velocity  region  Vc(i)  to  V  .(i)  , 
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5.  Whenever  g^(V)  is  unattainable  due  to  the  value  of  G^(V) 
being  prohibitive,  any  value  greater  than  or  equal  to  G^(V) 
may  be  used  for  gj,(V)  at  that  V  .  The  program  will  celect 
the  minimum  of  the  two  when  appropriate, 

6,  The  tall  gun  of  aircraft  i  is  assumed  to  be  weapon  number 
n^i)  ,  the  last  weapon.  Further  n^Ci)  may  not  be  zero. 

The  capability  and  hence  the  effect  of  the  tail  gun  may  be 
negated  by  setting  R  (i)  and  o  (i)  to  zero,  or  setting 

O  n 

N(nm(i) ,  i)  to  zero, 

7,3,4  Program  Restrictions 

The  following  arc  restrictions  that  exist  in  the  current  program. 
They  arise  from  computer  space  allocation  considerations.  To  change  them 
however,  may  require  significant  programing  effort, 

1,  The  number  of  weapon  types  must  be  no  more  than  six:  1^(1)  <  6 

2,  The  number  of  grid-points  for  one  e  must  be  limited  by 
twenty;  N  _<  20  , 

3,  The  number  of  speed  values  for  which  the  weapon  launch 
envelopes  are  input  must  be  either  2  or  3, 

4,  The  number  of  angular  va'-ucs  for  which  the  weapon  launch 
envelopes  are  input  must  be  between  two  and  fifteen  inclusive, 

5,  Since  the  number  of  c  values  considered  will  be  180°/Ae 
or  360°/Ae  ,  Ac  must  be  greater  than  or  equal  to  30°  if 

PS  (F  or  B)  ■  1  and  greater  than  or  equal  to  15®,  otherwise. 


SECTION  8 
FLOW  CHARTS 

In  this  section  the  flov;  charts  of  the  various  ATAC-2  routines  ere 
presented.  They  ere  intended  for  use  with  the  relevant  discussion  of 
Volume  11.  The  EM  flow  charts  arc  discussed  in  Section  5,  Volume  IX. 
The  discussion  of  the  routines  of  the  DATA  PROCESSING  Model  is  given 
In  Section  6.5,  Volume  II, 
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SECTION  9 


PROGRAM  LISTING 

In  this  sccticn  the  FORTRAN  IV  program  of  ATAC-2  is  presented. 

For  the  EM  and  DPM  each,  the  program  consists  of  a  r.aiv;  program 
(corresponding  to  the  EXECUTIVE  Routine)  and  various  FORTRAN  subroutines 
all  of  which  correspond  to  the  previously  presented  routines. 
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SECTION  10 

AN  EXAMPLE  OF  INPUT  AND  OUTPUT 


In  this  section  an  example  of  the  computer  printout  for  the  simulation 
of  one  engagement  is  presented  end  discussed*  The  inputs  end  the  printout 
for  this  run  are  shown  on  pages  144  through  150, 

10.1  Inputs 

On  page  144  and  the  top  of  page  145  are  shown  some  of  the  inputs  of 
the  program.  The  combatants  are  coded  on  top  of  page  144  as  aircraft  10 
(fighter)  and  11  (bomber)  for  identification  purposes.  The  range  of  the 
fighter's  IFF  is  given  as  12,000  feet,  The  altitude  associated  with  the 
performance  data  of  each  aircraft  is  10,000  feet.  Then  data  are  listed  which 
in  most  cases  arc  aelf-explanatory,  For  example,  tinpx  ,  the  limit  on  the 
time  of  each  engagement  is  300  seconds.  Moving  down  to  the  double  columns 
of  data  (aircraft  10  19  on  the  left,  aircraft  11  on  the  right)  it  Is  seen 
that  the  avionics  data  for  the  aircraft  are  Identical,  Each  has  a  detection 
radar  with  range  of  140,000  ft,  and  half-angle  60*,  etc. 


On  pages  145  and  146  soma  of  the  weapon  envelopes  arc  shown.  The 
entries  of  the  big  blocks  of  data  on  pages  145  end  146  f  pive  the  ranges 
of  a  weapon  envelope  as  a  function  of  the  angle-off  and  target  velocity. 
The  first  weapon  number,  MIS,  is  1  and  it  is  on  aircraft  1  (aircraft  10)^ 
The  first  tables  ere  for  RF1.,  the  outer  range  of  the  envelopes  when  the 
target  pulls  Gl  lateral  g's.  Gl,  G?.,  G3  in  the  input  list  correspond  tc 
the  FORTRAN  names  GT(1),  GT(2),  GT(3),  respectively.  Page  144  chows 
Gl  *  0  ,  which  meant  the  target  is  non-maneuvering. 


1) 


I. ft.,  In  this  particular  cxrmple,  aircraft  r.u~b;r  1  is  <'rfrcr;ft  cc 
number  JO,  and  aircraft  number  2  in  design  number  11, 


rr. 
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The  last  block  of  data  shovm  at  the  bottom  of  page  146  gives  the  inner 
range  of  MIS  number  5  on  aircraft  2  (aircraft  11)  associated  with  Gj  (■  4.9) 
lateral  g’s. 

On  page  147  tha  all  important  specific  power  and  functions  of 
each  aircraft  ere  shovai.  At  the  extreme  left  the  speeds  associated  with 
all  the  other  entries  are  listed.  The  second  column  headed  GMAXT  gives 
the  g^(V)  function  of  aircraft  i  •  For  example,  at  1185,8  feet  per 
second,  aircraft  1  is  able  to  sustain  4.3  total  g's  without  having  to 

decelerate.  The  third  column,  which  is  not  an  input,  but  is  computed  by 

* 

the  program  gives  the  turning  rate  ,  at  g^(V)  total,  g’s.  The  fourth 
column,  headed  GBIG,  contains  the  G^V)  function  of  aircraft  1,  This  is 
the  upper  bound  to  the  total  g's  of  the  aircraft.  For  example,  at  754.6 
feet  per  second  aircraft  1  nay  sustain  no  more  than  6,2  total  g's.  Finally, 
columns  5  through  11  describe  the  specific  power  as  a  function  of  speed 
(by  row)  and  total  g’s  (by  column).  At,  say,  a  speed  of  1401,4  feet  per 
second  and  3  total  g's  this  aircraft  has  a  specific  power  of  220,5  feet  per 
second.  Also  at  a  speed  1,078  feet  per  second  and,  say,  6,0  total  g's 
the  aircraft  must  decelerate,  for  its  specific  power  is  -  99.3  feet  per 
second.  Finally,  the  last  two  blocks  of  data  on  page  147  give  the 
and  Cv|is(*7  limits,  respectively. 

On  page  148  some  more  input  date  are  shown.  At  the  ten  of  the  page 

is  shown  a  „(i)  for  both  aircraft  ns  ,26  radians.  The  angle  is  actually 
max  , 

inputted  as  15*,  but  is  converted  to  radians  by  the  computer  prior  to 
printing  out.  Further  down,  opposite  the  word  UUMIS,  is  shown  the  number 
of  weapons  N(MIS,  i)  of  type  MIS  carried  by  nircraft  i  ,  Here  it  in 
seen  that  each  nircrr.ft  carries  two  of  weapon  types  1  nnd  2,  and  eight 
of  weapon  type  5,  VST?,  corresponds  to  V*  and  it.  computed  by  the  program. 


-  139  - 


Finally,  pages  149  and  150  show  the  printout  (results)  of  one 
engagement.  The  vhola  table  Is  ordered  on  time,  shown  In  seconds  in  the 
first  column  under  T  .  The  second  column  gives  the  range,  R  ,  between 
the  aircraft.  Then  the  variables  peculiar  to  the  bomber  are  given.  They 
are  from  left  to  right i 

XB  the  x  coordinate  of  the  bomber, 

YB  the  y  coordinate  of  the  bomber, 

VB  the  speed  of  the  bomber, 

MB  the  m-state  of  the  bomber, 

GB  the  total  g's  of  the  bomber, 

BB  the  turning  rate  of  the  bomber, 

ALPB  the  tracking  angle  of  the  bomber, 

I  the  ST(i)  indicator  of  the  bomber, 

PHIB  the  bomber’s  angle  off  the  fighter, 

KB  the  information  state  of  the  bomber, 

The  right  side  of  the  page  gives  these  same  variables  for  the  fighter. 

At  the  bottom  of  page  150  the  summary  of  fir*  ,^s  of  each  aircraft  is 
given.  The  first  block  of  data  gives  firings  o£  all  weapon  types.  The 
entry  of  1,000,0  for  the  time  of  firing  indicates  that  the  weapon  was 
not  fired.  The  TMIS  column  gives  the  time  spent  in  that  weapon's  envelope, 
and  the  remaining  columns  give  the  relative  parameters  at  the  tire  of 
firing;  the  range,  tracking  angle  and  cnglc-off  of  the  firing  aircraft. 

The  last  block  of  data  also  lists  the  variables  1A(1)  ,  MI(£)  ,  T(JL)  , 
which  are  Inputs  to  the  DPM,  For  example,  at  83.5  seconds  into  the  engagement 
aircraft  1  fired  txro  missiles  at  aircraft  2,  vr.  pons  number  1  and  2,  Then 
aircraft  2  fired  missile  type  1  at  1C3  seconds  folic. 'ci  by  at:  190,5 

seconds.  One  observes  tr~t  the  first  firing  of  airev;  ft  3  ulcittd  it  ■  y. 
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•s  evidenced  by  tAWWlE  *  83,5  seconds.  Finally,  the  last  line  gives  the 
sick  tine  of  each  aircraft.  This  Is  the  amount  of  time  that  each  aircraft 
spent  in  a  condition  in  vhlch  0^  £  1  , 

It  may  be  interesting  and  inatructivs  to  observe  these  data  In  greater 
detail  and  thereby  better  understand  some  of  the  notions  previously 
developed.  The  reader  is  cautioned  to  consider  this  as  only  one  example 
and  as  such  it  cannot  present  a  general  view  of  the  model. 

Firstly,  for  83,5  seconds  the  bomber  is  totally  unaware  of  the  fighter} 
it  is  moving  up  the  y-oxi3  in  linear  flight  at  a  constant  velocity  of  916 
feet  per  second.  During  this  time  the  fighter  is  afforded  the  opportunity 
to  gain  a  very  favorable  position.  The  fighter  initially  has  active 
Information  (KF  "A),  It  also  notices  that  the  bomber  is  unaware  and 
hence  the  fighter  sets  its  lag  angle,  »  to  60*  and  thereby  tries 

to  get  behind  the  bomber.  Also,  in  the  initial  50  seconds  the  figntcr 
accelerates  to  press  the  attack.  Then  as  the  fighter  acquires  the  tail 
of  Its  enemy  It  lags  less  and  less  till  it  reaches  ,  and  thereafter 
flies  a  pure  pursuit  course,  ALPF  ■  »■  0  ,  As  the  data  Indicate,  f* 

la  a  little  less  than  57,8*,  It  is  Cos"*  (Vp/2Vy)  ,  or  about  Cos"* 

(1350/2  *916)  **  57*,  From  this  point  until  the  awareness  of  the  bomber, 
the  fighter  is  in  the  t*  cone  of  the  bomber  end  flic*  a  pure  pursuit 
course,  Another  point  of  interest  in  this  portion  of  the  engagement  is 
seen  in  the  m-stntc  of  the  bomber,  Between  AO  and  50  seconds  this  index 
changes  from  2  to  1,  As  previously  noted  this  signals  that  the  fighter 
goes  from  a  state  of  acceleration,  .  n  «  2  ,  to  a  state  of  deceleration, 
n  »  1  ,  Of  course,  this  is  clearly  indicated  by  the  speed  printout  as  veil. 
In  this  portion  of  the  engagement  the  fighter  gains  IFF,  The  range  of  the 


IFF  gear  of  the  fighter  is  12,000  feet  (sec  Inputs).  And  this  range  is 
attained  somewhere  between  50  and  60  seconds  of  combat.  Verification  of 
the  acquisition  of  IFF  by  th^  fighter  is  seen  in  its  information  state  KF, 
This  index  changes  from  4  (active  information)  to  5  (active  with  IFF), 

Thesa  ara  some  of  the  notable  events  in  the  early  portions  of  tha  combat. 

All  during  the  early  pursuit  the  fighter  holds  fire  so  as  to  get  to  a 
good  range  off  the  tail  of  the  enemy,  R*  ,  Against  an  unaware  enemy  R*(F) 
ia  set  to  R'(l,  F)  vhich  in  this  case  is  4,100  feet.  This  range  is 
attained  shortly  after  80  seconds,  for  at  80  seconds  the  range  ie  4,265  feet. 
Of  course,  due  to  the  time  slice  nature  of  the  simulation  4,100  feet  will 
not  be  hit  exactly.  However,  the  fighter  attains  this  range  vithir.  5  feet, 
for  it  is  seen  in  the  firing  summary  that  the  fighter  launched  its  first  2 
missiles  at  a  range  of  4,095  feet.  It  then  alerted  the  bomber  by  these 
firings.  And  from  83.5  seconds  on,  both  aircraft  are  aware  of  each  other. 

At  90  seconds  the  bomber  Is  in  information  state  9:  Passive  and  II'F, 
This  is  because  the  fighter  is  illuminating  the  bomber  with  ite  tracking 
radsr.  It  has  IFF  beesuse  it  was  fired  upon.  In  this  utate  the  bomber 
turns  as  hard  as  possible  to  ecqulre  its  enemy.  In  so  doing  it  loses  the 
passive  information  and  goes  into  n  lost  information  state,  KB  =  11  , 
Therein  (100  to  150  seconds)  it  continues  to  turn  hard  and  dcecler.'.ter.  to 
V*  »  755  feet  per  second.  This  is  the  speed  at  which  its  sustainable 
turning  rate  is  best.  In  so  doing  the  bomber  finally,  at  about  150 
seconds,  acquires  the  fighter  and  gets  active  information,  KB  •>  5  ,  The 
Bianeuver  also  causes  the  fighter  to  lose  information,  KF  **  11, 
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Through  the.  rest  of  the  engagement  each  aircraft  turns  hard  to  acquire 
the  other.  Hovrcvcr,  it  is  seen  that  the  bomber,  in  fact,  does  a  better 
job  of  this  than  the  fighter,  for  from  150  seconds  until  the  end,  the  bomber 
has  active  information  most  of  tha  time,  while  the  fighter  is  in  a  lost  or 
passive  information  state.  Further,  the  bomber  is  able  to  launch  two  weapons 
at  the  maneuvering  fighter,  one  at  163  seconds  and  the  other  at  190  seconds. 
This  superiority  of  the  bomber  over  the  fighter  is,  in  part,  clear  from  the 
inputs.  From  the  6  functions  for  each  aircraft,  (see  page  147)  it  is 
seen  that  V*  for  both  is  754.6  feet  per  second.  But  at  *\.is  speed  the 

bomber  can  out-turn  the  fighter  since  B£  ■  ,274  radians  per  second,  while 

• 

Bp  “  .261  .  Thus  by  the  arguments  presented  in  Appendix  D,  superiority  of  the 
bomber  ever  the  fighter  in  the  latter  half  of  the  engagement  is  expected. 
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APPENDIX  A 


THE  PROBABILITY  OF  DETECTION 


Since  the  ATAC-2  model  initiates  all  encasements  vith  the  fighter 
detecting  the  bomber  end  since  the  relevant  probabilities  of  kill  are 
conditional  on  detection,  the  probability  of  detection  as  a  function  of 
the  initial  relative  heading  angle,  t  ,  is  of  importance.  This  section 
contains  the  derivation  of  that  probability.  The  scenario  is  one  that  is 
consistent  vith  the  random  search  of  an  area  with  no  prior  knowledge  of 
the  presence  of  an  enemy.  This  situation  is  also  consistent  with  the 
method  of  initialization  of  the  combatants  by  the  ENGAGEMENT  Model, 


Suppose  then  that  the  fighter  is  searching  some  large  area  A  in 
which  the  horaber  exists  but  its  position  is  unknown  to  the  fighter.  Let 
the  bomber’s  position  in  this  area  be  a  random  variable  with  bivariate 


distribution  function 


P<x,  y)  {Pr  X  <  x  ,  Y  <  y)  , 

where  X  and  Y  are  the  random  variables  defining  the  bomber's  position 
in  A  ,  Let  the  bomber's  velocity  vector  be  parallel  to  the  x-axis,  Now 
A  is  such  that  the  bomber's  position  in  A  is  invariant  with  tine,  i,c,, 
the  area  A  moves  with  the  bomber,  lienee. 


J  UP(x, 


y)  -  1 


(F(x,  y)  will  later  he  taken  to  be  uniform  for  simplicity  although  this 


need  rot  be  the  ease.) 
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A .  1  Stationary  Target 

Suppose  for  the  nonent  that  the  fighter  is  searching  the.  area  A  for 
a  stationary  target.  The  velocity  Vg  is  zero  and  the  target  does  not 
move.  In  an  amount  of  tine  t  the  fighter's  detection  pattern  will  have 
swept  out  an  area  a  *=  r  Vp  t  where  r  is  the  normal  projection  of  the 
fighter's  detection  pattern  onto  the  normal  to  the  fighter's  velocity  vector. 
Further  it  may  be  said  that  the  stationary  target  will  be  detected  in  tine 
t  if  and  only  if  the  target  is  in  the  area  a  at  time  t*  £  t  ,  but  the 
target  is  in  the  area  a  with  probability 

j dP(x,  y) 
a 

And  if  P(x,  y)  is  a  unifom  distribution,  then  this  probability  is  just 

r  Vv  t 

a /A  b  - - — 

A 

The  above  may  now  be  generalized  to  account  for  the  moving  target, 

A . 2  Kon-Stationery  T aroet 

Suppose  now,  as  is  generally  the  case,  that  the  bomber  lr.s  a  velocity 
Vp  while  the  fighter  is  searching  for  the  target  with  velocity  Vj.  .  Put 
in  relative  coordinates  the  fighter  searches  the  area  A  for  a  stationary 
target  with  velocity  V*  =  Vy  ~  Vg  ,  the  relative  velocity,  With  this  in 
mind  the  situation  is  completely  analogous  to  the  stationary  target  care 
above.  Again  the  fighter  sweeps  out  an  area  in  A  ceual  to  ?  ,  By  analogy 
then  the  area  a  is  Y*  V*  t  where  Y*  is  the  normal  projwoti.cn  onto  the 
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normal  to  the  velocity  vector  with  which  the  fighter  searches  for  s 
stst ionary  target,  namely  V*  »  Then,  if  PD(e)  is  the  probability  of 
detection  st  sore  initial  relative  heading  angle  t  snd  P(x,  y)  is 
uniform  over  A  , 


PD(0 


Y*  V*  t 
A 


V*  is  obtained  from  Vp  ,  Vg  and  c  by  the  Law  of  Cosines,  l.e,, 

V*  -  [v|  +  vj;  -  2  VF  VB  cos  . 

Let  D  be  the  distance  that  the  target  travels  in  time  t  ,  analogous 
to  a  penetration  distance,  then 


PD(c)  -  (1/A)  Y*  V*  D/VB 

-  (1/A)  F  D  , 

where 

F  -  Y*  V*/VB  . 

Kow  the  probability  of  no  detection  is  1  -  PD(t)  »  And  if  n  fighters 
search  the  area  A  independently  with  the  same  relative  velocity,  then 
the  probability  that  no  detection  occurs  is 

t1 '  VE>]n 

while  the  probability  that  at  least  one  detects  the  target  is 

l-[l-p„(c)]n  . 
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An  approximation  to  this  quantity  is  given  by  the  exponential  function: 


[i  -  P0<o] "  i  -  «-<"/A)  r  D  . 

Then  letting  6  ■  n/A  be  the  density  of  fighters  in  the  area  A  end 
taking  the  above  approximation 


It  is  well  to  note  some  of  the  tacit  assumptions  throughout  the 
derivation  of  Pp(e)  •  For  example,  it  was  assumed  that  the  fighter 
remained  v/ithin  the  area  A  for  the  total  time  t  •  For  snail  values  of 
t  or  large  A  this  assumption  is  not  unreasonable.  Also  it  was  assumed 
that  no  detection  can  take  place  in  zero  tine;  detection  is  accomplished  by 
relative  motion  between  the  aircraft.  Therefore,  if  V*  the  relative 
velocity  vector  is  zero,  then  PR(e)  will  also  be  zero,  (I'or  non-r.ero 
velocities  of  the  aircraft  this  only  occurs  at  VF  “  VR  and  e  0.) 


ArrEKDIX  R 


GEOMETRIC  CONSIDERATION’S 

This  Appendix  defines  tne  connection  between  the  inertial  and  relative 
coordinate  systems,  Also,  the  equations  of  relative  notion  are  derived, 

“■  #  s 

B,1  Inertial  Vs.  Relative  Coordinates 

Consider  then  two  aircraft  labeled  F  end  B  with  respective  speeds 
Vj.  and  Vjj  at  some  fixed  altitude,  see  Figure  B.l-l,  The  inertial 
positions  of  the  aircraft  ore  defined  by  (xp  ,  y^)  and  (x^  ,  y^),  while  the 
directions  of  their  headings  are  given  by  Bp  and  Bj,  ,  measured  as  shown. 
Let  6  be  the  direction  of  the  line  of  sight  between  the  two  aircraft. 

As  previously  stated  is  the  tracking  angle  of  aircraft  i  measured 

from  the  inner  line  of  sight  to  the  heading  of  aircraft  1  ,  while  , 

the  angle-off,  is  measured  from  the  outer -line,  of  sight  to  the  heading  of 

aircraft  j  f  i  , 

The  following  conventions  arc  adopted: 

1, '  all  angles  are  betveen  -  n  and  ir  inclusive, 

2,  angles  measured  in  a  count creloekvisc  manner  are  positive 
while  angles  measured  in  a  clockwise  manner  are  negative, 

Low  the  inertial  coordinate  system  uniquely  defines  the  positions 
of  the  aircraft  with  resptet  to  any  observer.  Seven  parameters  are  used  — 

XP  »  xj;  »  yF  »  yJ$  f  fly  I  Pp(  Mid  6  •  1,1  this  system  6  is  redundant 

since  it  may  be  obtained  from  the  others;  by  observation 
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e 


(B.l-l) 


Figure  B,l-1  Inerticl  end  Relative  Geometry 


x 


This  may  also  be  taken  as  a  definition  of  0  ,  However,  the  relative 
coordinate  system  makes  use  of  five  parameters  — *  R  ,  otp  ,  Og  ,  <fy  and  $g 
end  does  not  uniquely  define  the  aircraft’s  inertial  position.  One  of 
the  angles  Op  ,  ^  and  one  of  the  angles  cig  ,  are  redundant.  Again 

by  observation 


aB  *■  "  11  6?,n 

and 


<>B  ■  c*F  -  ir  sgn  (oF) 


Thus,  only  three  parameters  are  needed  to  define  the  relative  coordinate 
system;  a  distance  (range)  and  two  angles. 


Yet  these  variables  define  the  positions  for  an  observer  that  is 
fixed  with  respect  to  an  aircraft.  Indeed,  translations  and  rotations 
of  the  inertial  system  give  rise  to  the  same  relative  position.  The  object 
of  the  above  is  to  show  that  the  relative  coordinates  may  be  uniquely 
determined  by  the  inertial  coordinates.  The  reverse  is,  of  course,  not 
true.  The  following  gives  this  correspondence  between  the  inertial  and 
relative  coordinate  system  explicitly. 

B , 2  Deriving  the  Relative  Coordinates  From  the  Inertial  Coordinates 

Suppose  that  the  relative  coordinates  as  a  function  of  the  inertial 
coordinates  arc  desired.  The  range  R  is  given  by 

R  ■  [(*  -  *F)2  +  (yB  -  yF)2  j  (b.2-1) 

Also  by  reference  to  Figure  B.l-1  it  is  seen  that 

aF  -  G  -  PF  (B.2-2) 

and 

*F  -  6  -  .  (B.2-3) 

Thus  the  relative  coordinate  system  is  defined  from  the  inertial  cysten. 

B,3  The  Eeviati-Pr.r,  of  Relative  Motion 

In  this  section  the  equations  of  relative  motion  arc  derived.  These 
equations  arc  expressions  for  the  tine  derivatives  of  the  relative  para¬ 
meters  in  terns  of  the  relative  parameters. 

Firstly,  consider  the  closure  rate  or  rate  of  change  of  the  range, 

R  ,  From  (B.2-1)  differc atiating  with  respect  to  tine  gives 
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But 


and 


Also 


and 


Thus 


p  “ii  * 

dt 

+ 

d7  (xB  "  V 

dt  (y»  ~  V 

(xB  -  xp)/R 

(yB  -  yp)/R 


(xB  -  xF)  UB  -  xp) 

^B  “  yF^  ^yB  “ 

-  Vfi  cos  BB  -  VF  cos  Bp 

"  VB  filn  BB  "  VF  Sin  BF  * 

**  COS  0 

*  sin  0  . 


*fj“  5  R  *=  Vg (cos  Bg  COS  0  -  sin  Bfi  sin  0) 

-  Vp(cos  Bp  cos  0  -  sin  Bp  sin  0)  , 

Since  CL,  ■  0  -  B  and  $  ■  0  -  B  ,  R  is  finally  given  by 

"  r  F  B 

R  ■  Vg  cos  $p  -  VF  cos  dp  .  (B.3-1) 

From  (B.2-2)  and  (B.2-3)  the  angular  rates  ap  and  arc  easily  obtained 

as 

aF  -  0  -  Bp  (B.3-2) 

and 

<r  ■  5-”r. 

-  B  - 


(B.3-3) 


•  • 

Now,  8  end  8  are  the  turning  rates  of  the  respective  aircraft a 

r  d 

which  are  at  the  control  of  the  respective  pilots.  However,  0  ,  the 
turning  rate  of  the  line  of  sight,  must  be  obtained.  To  do  so  note  that 


XB  “  XF  w  R  cos  6  ' 


Then 


—  (xy  -  xp)  ■  R  cos  0  »  H  6  sin  6 


Vfi  cos  8B  -  VF  cos  8p  • 


With  this  and  the  expression  for  R  ,  (B.3-1),  rearrangement  gives 


R  0  sin  0  ■  Vp(cos  8f  -  cos  a^.  cos  0) 

-  Vg (COS  8g  -  COS  $p  COS  0)  • 

But  cos  pg  ■  cos(0  -  ^j.)  and  cos  0p  »  cos(0  -  o^.)  ;  hence 

R  0  sin  0  ■  Vp  sin  0  sin  -  Vg  sin  0  sin  $F  , 

and  finally  the  turning  rate  of  the  line  of  sight  is  given  by 


•  VF  8in  °F  "  VB  8±n  °F 


0 


(b.3~'0 
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APPENDIX  C 


THE  DEL  PURSUIT  COURSE 

The  Decreasing  Lag  Pursuit  Course  forms  one  of  the  basic  tactical 
considerations  of  the  ATAC-2  Model,  The  course  dictates  the  manner  in 
which  each  aircraft  pursues  its  enemy;  the  method  of  attach.  This 
section  describes  and  defines  this  eourse.  Also,  some  of  the  implications 
of  the  course  are  shown, 

C.l  Rational  r» 

The  development  of  the  DEL  Pursuit  Course  vac  motivated  by  the 
assumed  objectives  of  an  attaching  aircraft  engaged  in  air-to-air  combat. 
These  objectives  are  two-fold;  it  is  assumed  that  in  general  a  pursuer 
desires 

1)  to  avoid  a  nose-on  attack,  and 

2)  to  attach  the  enemy  from  behind. 

The  nose-on  attack  is  avoided  to  help  prevent  the  enemy  fren  firing  its 
weapons.  Further,  the  pursuer's  weapons  are  in  general  not  as  effective 
when  fired  at  an  aircraft  traveling  towards  it.  Aim,  being  in  the  front 
hemisphere  of  an  enemy  while  traveling  towards  it  is  an  unstable  situation. 
On  the  ether  hand,  a  steady  state  situation  off  the  tail  of  an  enemy  rt  a 
range. and  angle-off  at  which  its  r.nre  lethal  weapons  may  be  launched  is  a 
very  desirable  situation.  Of  course,  counter  examples  to  the  desirability 
of  these  objectives  under  more  specific  situations  way  be  pointed  out; 
these  Assumptions  are  for  a  rather  gtr.nal  case. 


A  pursuit  course  that  helps  an  aircraft  accomplish  these  objectives 
is  one  that  tends  to  avoid  head-on  attacks  while  helping  acquire  the  tail 
of  the  enemy,  Such  a  course  is  the  DEL  Pursuit  Course,  This  course  dictates 
that  a  pursuer  point  more  and  more  towards  the  enemy  when  approaching  a 
tail  chase. 

The  DEL  Pursuit  Course  specifics  the  mount  by  v?hieh  an  aircraft 
will  deviate  from  a  pure  pursuit  course  (pointing  at  the  target)  as  a 
function  of  where  it  is  with  respect  to  the  target,  When  in  the  front 
hemisphere  of  its  enemy  the  DEL  Pursuit  Course  requires  the  pursuer  to 
devistc  by  a  certain  amount.  Then  as  the  pursuer  swings  around,  decreasing 
the  angle-off,  this  deviation  decreases.  Finally,  as  s  tail  chase  is 
approached  the  deviation  goes  to  zero,  so  that  a  pure  pursuit  course  is 
flown.  The  DEL  Pursuit  Course  is  defined  by  specifying  (tie  tracking 

sngle)  as  a  function  of  ^  ,  the  angle-off,  Figure  C.l-l  gives  the  general 
form  of  the  function. 

There  sre  two  parameters  in  the  DEL  Pursuit  Course  function;  Oj^,  end 
4>*  ,  The  function  decreases  between  r  and  for  decreasing  |  | 

snd  is  zero  for  |  |  <  <»*  ,  Thus,  there  is  a  cone,  with  half-angle 

,  off  the  tail  of  the  target  in  which  the  pursuer  will  fly  s  pure 
pursuit  course  (setting  =  0),  Further,  is  the  largest  deviation 

and  this  value  occurs  only  at  «*  +  ir  or  vdicn  the  enemy  points  directly 
st  the  aircraft  flying  a  DFL  Pursuit  Course,  A  graphic  description  is 
shown  in  Figure  C,l-2, 


Figure  C.l-l  Dc 
DE„ 
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Figure  C.l-2  A  DEL  Furruit  Course 


C,2  Fomulatlon 


To  specify  the  general  form  of  the  DEL  Tursuit  Course  it  is  necessary 
to  define  some  terms.  In  general,  the  term  lag  Implies  pointing  to  the 
rear  of  the  target  while  the  term  lead  implies  pointing  ahead,  With  this 
in  mind  consider  Figure  C,2-l.  It  is  seen  in  (c)  that  F  is  pointing  ahead 
of  B  or  leading  B  while  in  (b)  that  F  is  pointing  behind  or  lagging  E, 

These  positions  are  generalized  by  the  following  definitions: 

1)  a  lag  position  is  one  in  which  the  velocity  vectors  lie  on 
opposite  sides  of  the  line  of  sight,  and 

2)  a  lead  position  is  one  in  which  both  velocity  vectors  lie  on 
the  same  side  of  the  line  of  sight. 

Lag  or  lend  courses  are  courses  in  which  the  positions  at  all  times  arc 
lag  or  lead,  respectively.  This  is  interpreted  symbolically  ns  follows:  A 
lag  position  implies  that  sgn  (o^)  f  sgn  (^)  ;  a  lead  position  implies 
that  sgn  (aA)  -  sgn  (ij^)  , 

Now  it  will  be  noticed,  again  in  Figure  C.2-1  that  In  (a)  P  also  lags  F 
while  in  (b)  B  leads  F,  Indeed,  this  is  the  general  case  as  the  definition 
implies.  That  is,  if  F  lags/leads  B,  then  correspondingly  E  lags/leads  F. 

F  cannot  lag  B  while  B  leads  F,  or  vice-versa.  It  is  well  to  rote  four 
singularities  at  this  point.  They  occur  when  Oj  c  0  or  u  ,  nnd  *»  0 
or  (see  Figure  C.2-2),  Fere  hoth  velocity  vector’s  lie  on  the  same 

line.  And  in  any  of  these  cases  it  is  said  that  both  aircraft  lead  and 
lag  at  the  same  time. 

To  give  a  general  expression  for  the  tracking  an^lc  of  an  aircraft  flying 
a  DFL  Fursuit  Course  it  Is  necessary  to  define  the  desired  tracking  angle  n 
as  the  angle  to  which  a.  will  be  ret  whenever  aircm.-.ft  i  is  « 

*i  * 


U  - 


Y 

*  I 


1  V 

b  c 


Figure  C,2-2  Sinyulr.r  Ceres 
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DEL  Pursuit  Course.  And  symbolically  expressing  Figure  C.l-l  in  slope- 
intercept  form  gives 

**) 

-  ,  if  |  |  >  ♦*  , 

•  If  I  I  1  • 

(C.2-1) 

Now  since  0  <  4*  <_  v/2  (sec  derivation  in  Section  C,4)  the  term 
sgn(4^)  (}  4^  |  -  4*)/ (4*  -  tr)  vill  always  have  the  opposite  sign  of  4^  , 
Then  the  final  sign  of  n  will  be  determined  by  the  sign  of  OjjAx(i)  • 

If  0^(1)  >  0  ,  then  sgn(n)  t  egn^)  ,  whereas  if  e^U)  <  0  , 
then  sgn(n)  *  sgn(4j)  ,  Also,  if  sgn(n)  »  +  1  a  lag  course  will  be 
called  for,  while  if  sgn(nv  "-la  lead  course  will  be  called  for.  Again 
due  to  the  fact  that  F’s  leading  B  implies  B  leads  F,  it  is  impossible  to 
require  one  aircraft  to  lead  and  one  to  lag,  hence,  a  requirement  is  that 
Ohax(K)  and  otj^(B)  have  the  same  sign  for  a  lag. 

Equation  (C.2-1)  is  an  abt-reviated  form.  For  purposes  of  generality 
the  capability  cf  specifying  a  constant  deviation  an  ’e  was  introduced. 

This  is  accomplished  by  subtracting  the  quantity  sgn(4j)  X^  from  both 
forms  of  the  expression  given  in  (C,2-l),  where  X^  is  the  desired  constant 
lag  (lead)  angle  of  aircraft  i  , 


sgn(<;1)  ; 


°MAX*i;  ^1  $i  I  *" 


4*  ~  * 


Thus  the  fina.l  form  of  the  DEL  Pursuit  Course  is  given  by 


<*lIAX(i)  0  I  "  **>  . 

- -  ,  tf  I  <>  I  >  <1*  , 

$*  "  IT 


-  scn((^i) 


,  otherwise 
(C.2-2) 


Note  that  in  the  generalized  form,  the  largest  lap  or  lead  angle  is  not 


I  “max^)  I  but  |  Oj>IAX(i)  +  |  . 


C.3  Inn]  iertions  of  the  DEL  Pursuit  Course 


The  final  forri  of  the  DHL  Pursuit  Course  is  rather  general.  For 
example,  a  pure  pursuit  course  will  be  flown  by  aircraft  i  if  0,^(1) 
and  X^  arc  both  set  to  zero,  thus  giving  T|  ns  zero.  Also,  a  deviated 
pursuit  course  (with  constant  deviate  angle)  nay  be  specified  by  setting 
°MAx(i)  t0  zcro  an<^  ^i  t0  desired  deviate  angle,  however,  the 
usual  situation  is  to  set  X^  0  no  that  at,  say,  ^  "  £  11  the  aircraft 
will  deviate  by  setting  I  a.  I  •=  ce  ,  .(i)  and  tend  to  swing  around  behind 
its  cneny,  linearly  decreasing  its  tracking  angle  down  to  zero  at 
'f'i  “  i  •  Thereafter  airciv.ft  i  will  fly  a  pure  pursuit  course,  setting 

t«i  *=  0  , 


Since  aMVV(i)  is  a  parameter  of  the  function  defining  the  tracking 

*l*iA 

angle  at  all  points  along  the  DLL  Pursuit  Courr-c,  its  magnitude  influences 
how  veil  the  attacker  will  get  to  the  rear  of  its  cneny;  vhc-thcr  or  not 
the  objective  is  obtained.  In  Figure  C,3-l  various  DEL  Pursuit  Course  paths 
arc  drawn  against  a  non-man euv a vine  target,  for  different  values  of  o^„(i) 
These  paths  are  drawn  in  relative  (r,  <{>)  coordinates  where  r  corresponds 
to  the  range  between  the  aircraft  and  the  angle-off.  Of  course,  thc 
inftial  poii:t  ar.d  relative  valocJti.ee-  influence  the  share;  elro,  the* 


IS  - 


Figure  C.3-1  DEL  Pursuit  Course  Paths 
for  Different  Values  of 

“max^ 
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0 


conclusion  is  that  increasing  the  value  of  tends  to  force  the 

path  out  and  away  from  the  target*  The  path  is  longer  and  takes  more 
time  to  execute,  but  at  any  given  time,  points  on  the  paths  with  larger 
values  of  0,^(1)  are  further  from  the  target. 

An  interesting  implication  of  the  DEL  Pursuit  Course  is  seen  as 
one  considers  vhat  happens  when  both  aircraft  fly  such  courses.  Suppose 
then  that  they  do  both  fly  DEL  Pursuit  Courses  specified  by  (C.2-1) 
for  i  «  F,  B  .  The  notation  may  be  abbreviated  to  require  that 
be  a  linear  function  of  for  i  «  F,  B  ,  Then 


and 

“b  '  S  *1  +  CB 

where  Kj.  ,  Cp  ,  Kg  and  Cfi  are  constants.  Then  differentiating  with 
respect  to  tine  gives 


and 


aB  -  kb  h 


Since  and 


are  negative  supplements  of  each  other 


end 


J 
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hence 


a 

F 


K. 


a 

B 


K 


F 


K 


E 


KB  “f 


•  • 

And  fror.  this  it  is  concluded  that  either  Kp  K^,  •»  1  or  °p  "  ajj  “  ®  • 

But  Kp  and  are  chosen.  Hence,  whenever  Kp  jt  1  then 

•  • 

Op  ■  Og  ■  0  and  the  aircraft  fly  at  constant  tracking  angles  whenever 
they  are  both  flying  DEL  Pursuit  Courses,  Thus,  if  both  aircraft  have 
the  turning  capability  to  fly  the  DEL  Pursuit  course,  both  aircraft  arc 
thwarted  from  reducing  their  angles-off. 


C.4  Derivation  of 


This  section  contains  a  brief  derivation  of  the  angle  ,  This 
angle  is  used  as  a  parameter  of  the  DEL  Pursuit  Course  function.  It  is 
defined  as  the  angle  of  maximum  lateral  g's  of  a  pursuer  flying  pure 
pursuit.  It  assumes  a  constant  pursuer  velocity  end  a  linear  non-maneuvering 
target  with  constant  velocity  greater  than  half  the  pursuer’s  velocity. 

Suppose  F  is  pursuing  B  with  pure  pursuit  at  constant  velocity 

* 

Vp  <  2  Vg  ,  Also  suppose  that  «  0  ,  Since  F  is  on  pure  pursuit 
« 

dp  “  ap  •  0  ,  Hence 

-  V 

e  * - sin  $  , 

R  1 

R  -  VB  CJS  $F  -  VF 
and  .  . 


Further, ' since  F  is  at  constant  velocity,  the  point  of  maximal  lateral 
g'c  is  el  so  the  point  of  maximal  turning  rate.  Bp  ,  And  e  necessary 
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condition  for  to  bo  maximal  is  that  &  m  0  *  And 
r  F 


•«  M 

K  -  e 


dR  +  30  d 

3R  dt  3^p  dt 


R' 


S.  sin  $F  (VB  cos  <>F  -  Vp)  +  sin  $F  coe  <> 


f  si‘>  «F  (2\  cos  iF  -  VF) 


And  by  definition 

d6  n  0 

dt  $p  *= 

hence  there  are  two  roots;  nancly  $*  ^  0  end  $*  11  Cos"1  (V  /2Vg)  * 
The  point  of  $F  *>  0  is  also  the  point  of  zero  range,  except  for  the 
special  ease  in  which  the  fighter  started  pursuit  at  <1^,  *=  0  —  cn 

uninteresting  situation.  Thus,  the  applicable  non-zero  root  is 


«■  Cos"1  <Vf/2Vb) 


Kote  that  only  necessary  conditions  have  been  given;  sufficient 
conditions  r.&y  be  demonstrated  by  showing  that  this  is  an  absolute 

nax imuti .  Also,  the  case  of  Vr  >  2V  has  not  been  dealt  with.  Tor 

l  •“  V* 

% 

this  condition  it  can  be  shovel  that  the  lateral  g’s  of  the  pursuer  increase 
without  bound,  lienee,  no  <f*  exists  for  this  ease.  In  that  case,  <>»’' 
is  set  to  zero. 
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APPENDIX  D 


TURNING  RATE 

•  * 

The-  turning  rate  of  an  aircraft,  B  ,  i6  the  time  rate  of  change  of 
the  heading  angle,  the  direction  of  travel.  As  such  it  is  related  to  the 
g's  and  speed  of  the  aircraft,  .  From  equation  (4,6-2)  an  aircraft  at  speed 
V  pulling  G  total  g's  will  turn  at  an  angular  rate  of 

E  -  (32,2/V)  (C2  -  1)1/Z  . 

But  the  maximum  g's  an  aircraft  can  sustain  are  in  general  a  function  of 
speed  described  in  Appendix  E,  Hence,  the  maximum  turning  rate  that  an 
aircraft  can  sustain  is  also  a  function  of  speed.  Now,  throughout  the 
development  of  ATAC-2  various  considerations  have  led  to  the  conclusion 
that  this  6  function  of  speed  is  a  better  measure  of  performance  and 
capability  than  in  the  p  function  of  speed.  Some  of  these  considerations 
are  now  given. 

To  show  the  importance  of  the  turning  rate  capability  of  an  aircraft, 
a  rather  contrived  situation  is  considered  first.  This  is  an  extreme 
exanplc.  Suppose  two  dissimilar  aircraft  have  agreed  to  a  duel  under  the 
"old  code".  They  start  bach  to  bach,  fly  linearly  for  say  10  seconds, 

(at  possibly  differing  speeds)  then  at  the  same  tine  start  to  turn,  and 
finally  fire  their  missiles,  (sec  Figure  D-l),  Suppose  also  that  each  has 
the  same  weapon.  The  weapon  may  be  fired  at  any  range  but  with  an  angular 
constraint,.  The  firing  aircraft  mu^t  point  at  Its  target  to  within  say 
plus  or  minus  5  degrees  to  fire.  Further  suppose  that  each  weapon  has  a 
zero  time  of  flight  and  constant  hill  probability.  Then,  since  each  aircraft 
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starts  its  turn  at  the  same  time,  the  aircraft  that  turns  the  quickest 
fires  first  and  thereby  wins  the  duel.  It  matters  little  how  many  p's 
each  pulls  but  rather  the  time  it  takes  to  turn  through  about  ISO  decrees. 

Indeed  this  is  a  contrived  situation.  However,  consider  what  happens 
without  the  agreement  to  duel  by  the  eodc,  Vhat  happens  after  each 
aircraft  has  passed  its  opponent  head-on?  Each  aircraft  tries  to  turn 
around  nnd  fire  at  its  opponent  before  being  fired  upon.  Then  the  distance 
between  the  centers  of  the  combatant's  circles  of  turn  has  decreased  from 
the  above  example.  However,  the  situation  is  quite  analogous.  And  again 
the  objective  of  each  combatant  is  to  turn  as  fast  as  possible  ro  os  to 
point  near  its  opponent  first.  To  be  sure  the  situations  are  r.ot  completely 
similar.  However,  closer  analysis  will  show  that  for  a  vast  range  of 
relative  parameters,  it  is  the  aircraft  that  turns  the  quickest  that  points 
at  its  enemy  first.  This  then  is  one  reason  turning  rate  is  on  important 
consideration  ef  pcrfomrncc.  An  aircraft  desires  to  turn  as  fret  f.r  per.:  *bl<' 


irrespective  of  from  what  initial  angle  it  started,  so  as  to  point  near 
its  target  and  be  able  to  fire  weapons. 

Another  reason  for  the  desire  of  high  turning  rate  is  general 
maneuvering.  In  Appendix  F  it  is  shown  that  one  of  the  necessary 
conditions  for  one  aireraft  to  follow  another  in  steady  state  vhile  on 

t 

pure  pursuit  is  that  it  turns  as  fast  as  the  target  -  that  fl  of  the 
pursuer  equals  $  of  the  evader.  This  requirenent  holds  even  if  the 
pursuer  is  allowed  to  fly  a  deviated  pursuit  course  (one  in  which  ita 
tracking  angle  is  a  constant  not  necessarily  zero) .  It  must  still  be 
able  to  turn  as  fast  as  its  opponent  in  order  to  hold  it6  range  and 
angle-off  constant.  Further,  it  is  seen  that  the  pursuer  in  steady  state 
on  pure  pursuit  pulls  less  g's  than  the  evader  at  all  non-zero  steady  atate 
ranges.  From  the  evader' a  standpoint  it  is  also  the  case  that  high  turning 
rate  helps.  For  the  greater  the  disparity  between  the  turning  rate  of  the 
evader  over  the-  pursuer,  the  sooner  will  the  evader  extrieate  itself  from 
this  unhealthy  position  of  having  the  enemy  on  its  tail.  Merely  pulling 
more  g's  than  the  pursuer  does  not  necessarily  help  its  situation. 

Thus,  it  is  for  these  and  other  reasons  that  one  ia  led  to  consider 

* 

high  turning  rate  capability  as  beneficial  and  the  P  function  of  speed 
aa  an  important  indicator  of  per f oinr. nee ,  And  this  then  is  the  justification 
for  many  of  the  tactics  of  the  model  that  require  an  aircraft  in  certain 
situations  to  tfnd  to  V*  ,  the  speed  at  which  the  sustainable  turning 


rate  is  an  absolute  maxinun 


APPENDIX  E 


SPECIFIC  POWER  FUNCTION 

In  general,  the  performance  of  an  aircraft  is  thought  to  ba  its 
ability  to  climb  and  dive,  to  turn,  to  speed  up  and  alow  down  as  well  as 
its- maximum  speed,  etc*  Further,  most  all  of  these  abilities  are  Inter¬ 
related;  the  ability  to  climb  Is  a  function  of  lateral  g  level,  the  ability 
to  turn  la  a  function  of  speed,  the  maximum  speed  Is  a  function  of  altitude, 
and  so  on.  Yet  there  Is  a  concept  which  helps  unify  many  of  these  abilities 
this  is  the  concept  of  specific  power,  P  »  The  literature  abounds  with 
various  treatments  of  specific  power,  sec  for  example  Boyd  [Ref.  4],  so 
that  only  a  brief  description  will  be  given  here.  The  method  in  which 
ATAC-2  makes  use  of  the  concept  of  specific  power,  however,  Is  discussed 
In  detail* 

The  specific*^  power  of  an  aircraft  is  defined  to  he  the  time  rate  of 
change  of  the  specific  energy  level.  This  includes  the  energy  due  to 
altitude  (potential)  end  the  energy  due  to  speed  (kinetic).  Thus,  for  an 
aircraft  at  altitude  h  and  velocity  V  the  specific  energy  Is  given  by 

Eg  -  h  +  V2/(2  •  32.2) 

then  ■ 

Pc  £  d  E_/dt 

s  s  <n-i) 

-  dh/dt  +  (V/32,2)  dV/dt 

^  Throughout  the  term  sncclflc  is  with  respect  to  the  weight  of  the 
aircraft. 


Then  specific  power  is  composed  of  two  components;  the  power  of 
altitude  change  and  the  power  of  speed  change*  An  aircraft  at  a  positive 
specific  power  level  will  increase  its  energy  level.  It  may  do  this  by 
linearly  accelerating  (dh/dt  ■  0)  at  a  rate  of  dV/dt  ■  Pg  (32,2/V)  ,  for 
example.  Or  the  aircraft  could  accomplish  this  by  climbing  at  constant 
speed  (dV/dt  ■  0)  at  a  rate  o.f  dh/dt  »  Pg  .  In  fact  the  aircraft  could 
combine  the  two  (climbing  and  increasing  its  speed)  in  any  manner  that  is 
consistent  with  (E-l),  A  completely  analogous  situation  applies  for  a 
negative  specific  power.  Here  the  aircraft  will  lose  energy,  ThiG  msy  be 
accomplished  by  losing  altitude  in  any  combination  with  losing  speed  sgain 
consistent  with  (E-l),  Thus,  the  specific  power  of  an  aircraft  specifies 
the  rate  of  change  of  the  energy  level  of  the  aircraft*  The  rate  of  change 
of  the  altitude  and  of  the  speed  at  a  given  apeed. 

By  definition  then  the  specific  power  of  an  aircraft  has  units  of 
power  (ft-lbs/sec)  divided  by  weight  (lbs)  or  ft/sec.  This  is  reflected 
in  (E-l)  for  dh/dt  and  (V/32.2)  dV/dt  also  have  units  of  feet  per 
second. 

One  might  logically  question  then  how  the  specific  power  function  of 
an  aircraft  is  characterized.  How  is  it  specified?  [Ref,  4]  shows  that  for 
an  aircraft  with  thrust  T  ,  drag  D  ,  weight  v  and  speed  V  the  level 
of  specific  power  is 


Pg  -  (T  -  D)  V/w  .  (E-2) 

Thus  to  specify  the  specific  power  of  sn  aircraft,  knowledge  of  engine 
and  aerodynamic  properties  at  various  speeds  is  required,  How  the  thrust 
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of  an  aircraft  is  a  function  of  the  speed,  altitude  and  power  setting. 

Also  the- drag  of  an  aircraft  is  a  function  of  speed,  altitude  and  lateral 
g's,  Consequently,  the  specific  power  of  an  aircraft  is  a  function  of 
nearly  every  other  possible  state  parameter,  rarely,  speed,  power  se  tting, 
altitude  and  lateral  g's,  At  a  fixed  power  setting  and  a  fixed  altitude 
specific  power  is  a  function  of  speed  and  lateral  g'a,  This  is  built  into 
the  ATAC-2  model.  The  aircraft  is  assumed  to  be  at  a  fixed  power  setting 
and  at  a  constant  altitude.  Henceforth,  then  the  specific  power  function 
is  taken  to  be  a  function  of  speed  and  lateral  g's. 

An  example  of  the  specific  power  function  of  a  fictitious,  though 
not  atypical,  eircraft  is  shown  in  Figure  E-l,  Each  line  sho-nn  gives  the 
value  of  the  specific  power  function  along  the  ordinate  for  the  associated 
apead  along  the  abscissa, and  total  g  level  labeled,  (The  total  g's  of  an 
aircraft  arc  the  lateral  g's  plus  the  g  due  to  gravity,  added  vcctorially.) 
Also  associated  with  this  diagram  is  a  fixed  altitude  and  pov.-er  setting. 

Now  for  a  lg  level  the  function  is  positive  at  all  speeds  shown.  Thus, 
the  aircraft  will  accelerate  at  this  constant  altitude.  However,  for 
higher  g  levels,  say  about  3,5  g's,  the  specific  power  function  is  negative 
for  all  speeds  indicated.  Thus,  the  aircraft  will  decelerate,  Trom 
equation  (E-l)  it  is  seen  that  the  acceleration  of  the  eircraft  at  this 
constant  altitude  is  given  by  32,2  Pg/v'  ,  And  if  the  function  Is  negative 
the  aircraft  will  decelerate,  while  it  will  gain  speed  if  the  function 
is  positive. 

More  information  than  just  the  acceleration  capability  of  an  aircraft 
may  be  obtained  from  this  dingra.i,  Thu  naxir.iv:  speed  V  ,  is  jur.t  the 
limit  of  the  lines  indicated  on  the  rif.ht  in  Figure  1-1,  Thi.r  limit  at 
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Specific 

Power 


Figure  E-l  A  Specific  Power  Junction  of  Velocity 
and  g's  for  an  Aircraft  at  Constant 
Altitude  end  Power  Setting 


this  altitude  is  a  heat  limit*  At  sotra  other  altitude!  however,  the 
maximum  speed  may  be  a  power  limit*  The  minimum  speed  V^,  is  given  by 
the  extent  of  the  lines  on  the  left  ss  shown.  Also,  the  maximum  g's  that 
the  8ircraft  may  sustain  is  indicated  by  the  extent  of  the  g  lines*  This 
is  the  limit  to  which  the  aircraft's  structure  is  able  to  sustain  p’s. 

In  this  example  the  limit  is  given  by  4  g's,  Also,  more  noteworthy 
information  ia  available  from  this  specific  power  function.  The  dotted 
line  at  the  left  indicates  the  limit  of  the  speed  an  Bircraft  ray  fly  at 
while  at  8  given  g  level*  This  is  the  stsll  limit;  if  the  aircraft  flics 
st  less  thsn  this  speed,  it  begins  to  lose  its  lift,  starts  to  buffet  snd 
finally  stalls.  Yet  the  concept  may  be  viewed  from  the  other  way  also, 
nsnely,  ss  the  maximum  amount  of  g's  the  aircraft  nay  sustain  at  a  given 
speed  without  stalling.  Then  the  whole  lower  Une  (dotted  on  the  left,  solid 
otherwise)  nay  be  viewed  ss  the  maximum  total  g's  the  aircraft  may  attain. 
This  g  limit  is  itself  s  function  of  speed  as  indicated.  The  symbol  used 
for  this  function  la  G(V)  , 

There  is  one  important  concept  which  has  yet  to  be  discussed. 

This  is  the  concept  of  the  g(V)  function.  To  illustrate  this  concept 
an  example  is  useful.  Consider  an  sircraft  st  some  speed  and  1  total  g. 
Suppose  the  sircraft  begins  to  pull  more  and  more  g's  so  that  it  continues 
to  lose  specific  power  (see  E-l).  As  the  aircraft  continues  to  pull  more 
g's  it  passes  a  singular  transition  point.  This  is  the  point  st  which 
the  specific  power  function  is  scro;  the  point  where  the  function  charges 
sign.  Clearly  an  aircraft  that  pulls  more  g's  at  thst  speed  will  lose  speed. 
At  the  constant  speed  vertical  line  this  value  is  shout  3,0  g's.  At.  other 
velocities  the  relevant  value  is,  of  course,  different.  Thus,  it  is  a 
function  of  velocity,  Hence  g(V)  it  the  total  g’s  as  a  function  of  speed, 
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V  ,  at  which  the  specific  power  function  is  zero.  This  Piay  be  viewed  as 
the  sustainable  g's  at  the  given  speed;  for  the  aircraft  will  neither 
accelerate  nor  decelerate  at  g(V)  total  g's,  Then,  if  an  aircraft 
wishes  to  pull  its  maximum  g's  at,  say,  epeed  V  ,  and  not  decelerate, 
it  can  pull  no  more  than  g(V)  total  g's. 

In  summary  then  the  specific  power  function,  indeed,  provides  a  great 
deal  of  knowledge  about  the  performance  of  the  aircraft.  The  value  of  the 
function  Itself  gives  the  rate  at  which  the  aircraft  will  accelerate  at 
some  g  level  and  velocity.  Also,  the  limits  of  the  function  give  the 
maximum  velocity  and  the  maximum  total  g's  the  aircraft  may  achieve.  Finally, 
the  g(V)  functioa  is  obtained  from  the  specific  power  function;  it  is  the 
g  level  at  which  the  velocity  V  is  Just  maintained. 


APPENDIX  r 


To  observe  some  of  the  singularities  of  this  situation  consider 
Figure  F-l,  Suppose  that  F  desires  to  follow  B  in  steady  state,  at  a 
range  R'  and  angle-off  $'  and  a  speed  V£  .  Then  among  the  three 
parameters  Vp  ,  ,  and  R?  the  fighter  is  free  to  pick  only  one 

.  of  these,  for  the  other  tvo  will  be  determined  by  this  ehcicc.  For  example, 
suppose  r'  is  chosen.  Then  (F-3)  gives  the  associated  with  this  <J> * 

while  (F-2)  gives  the  R'  ;  assuming,  of  course,  that  the  bomber  continues 
at  Vfi  and  8g  . 


Yet  even  this  ehoiee  of  one  of  the  three  parameters  is  limited.  It  is 
seen  from  Figure  F-2  that  the  fighter's  speed  has  an  upper  bound  of  V&  ; 
it  can  fly  no  faster  than  the  target  in  steady  state.  Also,  if  V^(F) 
is  the  minimum  speed  of  the  fighter  then  there  is  a  definite  upper  bound 
to  given  by  Cos-1  (VC(F)/Vg)  ,  And  it  is  seen  from  Figure  F-3  that 

an  upper  bound  on  R'  is  the  bomber's  radius  r^  «  Vg/Bg  »  So  there  are 
definite  limits  to  the  choice  of  R'  ,  <>'  and  Vp  , 


Farther  considerations  of  the  above  conditions  Influence  the  tactics 
of  the  model.  Since  Bj.  ,  the  turning  rate  of  the  fighter,  is  bounded  by 
the  maximum  turning  rate  (determined  by  the  speed),  the  bomber  can  prevent 
the  fighter  from  obtaining  a  steady  state  condition  by  making  Bg  larger 
than  this  bound.  For  example,  suppose  two  identical  aircraft  engage 
each  other.  Also  suppose  that  the  implied  8  function  of  speed  for  both 
aircraft  has  an  absolute  maximum  at  V*  ,  Then  if  the  bomber  flies  at 
speed  V*  ,  turning  et  its  maximum  rate,  the  fighter  would  rot  be  able 
to  obtain  a  steady  state  at  any  non-zero  range. 


Of  course,  similar  considerations  ray  be  made  with  dissimilar  aircraft 

by  comparing  their  B  functions  of  speed.  In  fact,  one  can  determine 

before  hand  v?hich,  if  either,  of  two  combatants  is  able  to  follow  another 

in  the  steady  state.  Further,  the  range  of  the  parameters  R*  ,  , 

Vp  which  will  accomplish  a  steady  state  can  be  evaluated,  by  noting  the 
• 

3  function  of  speed,  and  applying  equations  (P-1),  (F-2),  snd  (F-3) , 

A  word  of  caution  may  be  in  order  here.  To  say  that  the  steady  state 
is  unattainable  for  one  aircraft  or  another  is  indeed  not  to  imply  that  one 
is  inferior.  For  the  transient  state  or  near  steady  state  nay  be  quite 
caaily  attained  and  is  often  quite  sufficient  in  order  to  remain  behind'  s 
target  for  a  long  tine. 
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ATAC-2  is  a  simulation  model  designed  to  help  evaluate  filters  in  air-to-air 
combat.  The  model  treats  the  one  vs.  one  dogfight  which  arises  fron  a  random  search 
situation.  Both  aircraft  in  the  combat  are  (usually)  aggressive.  The  two  principal 
outputs  from  the  model  are  the  probability  a  given  aircraft  is  killed  in  the  fight 
and  the  expected  number  of  e  nemy  aircraft  an  aircraft  kills  over  its  useful  life* 
Combat  is  restricted  to  a  fixed  altitude.  The  maneuvers  are  dynamic  if  that  each 
aircraft  responds  to  the  situation  at  each  moment  in  a  duel  depending  on  the 
information  it  has  about  an  opponent's  activities.  (U) 

Inputs  include,  for  each  aircraft,  search  and  tracking  radar  characteristics, 
passive  radar  sensors,  optical  capability,  IFF,  energy -maneuverability  data,  weapon 
loadings,  weapon  characteristics,  and  weapon  kill  probabilities.  (U) 

The  rationale  for  the  model  specifics  are  presented.  Flow  charts  and  program 
listings  are  Included.  Tho  model  has  bean  run  repeatedly  on  an  IBM  709b .  (U) 
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